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DESCRIPTION 



sc(Fv)2 STRUCTURAL ISOMERS 

Technical Field 

The present invention relates to pharmaceutical compositions comprising sc(Fv)2 and 
methods for producing the compositions. 



10 Background Art 

sc(Fv)2s are single-chain antibodies in which two light chain variable regions (VL) and 
two heavy chain variable regions (VH), four variable regions in total, are linked by linkers or 
such (Hudson et al. y J Immunol. Methods ( 1 999) 23 1 : 1 77- 1 89). 
For example, single-chain antibodies having the sequence 

15 VHi-linker-VL 2 -linker-VH 3 -linker-VL 4 or VL 2 -linker-VH r linker-VL 4 -linker-VH 3 are known. 
Depending on the combination of Fv (a molecule in which VH and VL are non-covalently 
linked), two types of structural isomers of sc(Fv)2 would exist: sc(Fv)2 in which each set of Fv 
is formed by VHi and VL 2 , and VH 3 and VL 4 ; and sc(Fv)2 in which each set of Fv is formed by 
VHi and VL 4 , and VH 3 and VL 2 

20 However, since most previous studies on sc(Fv)2 dealt with bispecific sc(Fv)2s, to date 

there are almost no reports on structural isomers of sc(Fv)2. 

Bispecific sc(Fv)2s are sc(Fv)2s in which the variable regions of VHi and VL 4 , and VH 3 
and VL 2 (or VH, and VL 2 , and VH 3 and VL 4 ) in the VHj -linker- VL 2 -linker-VH 3 -linker-VL 4 
sequence derive from different monoclonal antibodies. In bispecific sc(Fv)2s, VHi and VL 4 , or 

25 VH 3 and VL 2 (or VHi and VL 2 , or VH 3 and VL 4 ) derive from an identical monoclonal antibody. 
In this case, the efficiency of Fv formation would be higher and therefore the occurrence of 
structural isomers is suppressed to some extent. In fact, the activity was reported to remain 
unchanged between bispecific sc(Fv)2s prepared using linkers whose lengths were 15-5-15 and 
15-15-15 (Non-patent Document 5). Thus, there is a lack of detailed information regarding 

30 structural isomers of sc(Fv)2. For example, Non-patent Documents 3, 4, 8, and 9 indicate the 
existence of correct Fv combinations confirmed by measuring bispecific binding activities; 
however, neither a quantitative evaluation regarding the abundance of incorrect Fv combinations 
nor abundance ratio between the two has been described. Meanwhile, Non-patent Document 6 
demonstrates that structural transition between the momomer and the dimer occurs by alteration 

35 of lengths of bispecific sc(Fv)2 linkers (alteration of the lengths of linkers at the two ends or in 
the middle). However, when it comes to structural isomers of sc(Fv)2, the document does not 
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go beyond a discussion on a model-based molecular structure prediction, and describes neither 

the abundance ratio of the structural isomers nor structural identification in actual samples. 

Furthermore, since no attention was focused on structural isomers of sc(FV)2, no close 

examination on regulating structural isomers was conducted. Non-patent Document 10 also 
5 predicts that -structures of single chain diabody and bivalent scFv are formed when the length of 

the linkers are 5-15-5 and 15-5-15, respectively. This is because it has been generally reported 

in scFvs that adjacent VH and VL are unlikely to form an Fv (i.e., a monomer) when the length 

of the linker is 1 2 or shorter. However, Non-patent Document 2 reports that a small quantity of 

monomers is formed even when the length of the linker in the Fv is 10 or 5. Thus, in the case 
10 of Non-patent Document 10, where the linker length is 5-15-5 or 15-5-15, the obtained sc(Fv)2s 

are not always all in the structural form of single chain diabody or bivalent scFv. 

Previous reports evaluated structural isomers by structural prediction based solely upon 

Fv combinations and linker length. No quantitative analysis of the structural isomer content 

ratio was conducted. In addition, the obtained structure was not confirmed/verified to see if it 
15 was the objective structure. Thus, structural isomers were neither evaluated nor regulated in a 

sufficient manner. Specifically, regardless of the length, the abundance ratio of the structural 

isomers of sc(Fv)2 is extremely difficult to predict based on Fv combinations and linker length . 

The presence of two types of structural isomers is a issue that has to be taken into consideration 

when sc(Fv)2 molecules comprise two pairs of VH and VL. 
20 There are many known separation methods for optical isomers and geometric isomers of 

minibody compounds. However, to date there are no reported methods for separating protein 

isomers. Many methods for separating single amino acid variations in proteins have been 

previously reported; however, to date, no reports on methods for separating two structural 

isomers comprising a completely identical amino acid primary sequence is known. The same is I 
25 true for structural isomers of sc(Fv)2s, and thus, no methods for separating and analyzing, or 

confirming the two types of structural isomers of sc(Fv)2 existed in prior art. 

Since no method was available for separating structural isomers of sc(Fv)2, there are no 

reports focusing on difference in activity between the two types of structural isomers. In 

bispecific sc(Fv)2, the activity is obviously predicted to be significantly different between the 
30 correct and incorrect Fv combinations within the structural isomers. It is however difficult to 

predict activity differences between the structural isomers of monospecific sc(Fv)2s that are 

divalent as well. Non-patent Document 10 ignores the potential differences in activity between 

the two structural isomers and measures activity (binding activity) using a mixture of the ! 
structural isomers. This is because the activity between each structural isomer of sc(Fv)2 could 
35 not be strictly compared since highly purified structural isomers could not be prepared because 
of the difficulty in separation and purification of sc(Fv)2 structural isomers. 
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Even for sc(Fv)2s with altered linker length, until now it has also been impossible to 
"identify" (rather than "predict") each of the two types of structural isomers presumed from 
linker length and to quantitatively evaluate the content ratio of the structural isomers. Thus, to 
date, no quantitative evaluation has been performed to reveal the relationship between linker 
5 length and content ratio of the structural isomers in sc(Fv)2. Therefore, there are substantially 
no reports describing the regulation of content ratio of structural isomers by altering linker 
length. 

Alteration of linker length results in the alternation of the distance between the two 

antigen-binding sites in sc(Fv)2, and thus, linker length has a possible influence on biological 
10 activity (agonistic activity such as receptor dimerization). It is thus preferable that the distance 

between the two antigen-binding sites be arbitrarily adjusted by the lengths of the linkers 

depending on the type of antigen. Furthermore, linker length has been reported to have a great 

influence on stability (Non-patent Documents 1 and 2) and the stability of scFvs is known to 

generally decrease as linkers get shorter. The same would be true for sc(Fv)2s. It is reported 
15 that dimers are easily formed by shortening the middle linker (Non-patent Document 6) . For 

the preparation of a highly stable sc(Fv)2, linker lengths that can be arbitrarily adjustable are 

preferred. When sc(Fv)2s are developed as pharmaceuticals, it is thus preferable that target 

structural isomers be isolated by their arbitrary linker lengths. However, there are no previous 

reports describing the isolation of each of the two types of structural isomers, bivalent scFv and 
20 single chain diabody, from sc(Fv)2s with linkers of arbitrary lengths. 

To develop sc(Fv)2s comprising structural isomers as pharmaceuticals, it is necessary to 

separate and purify only the targeted structural isomer and to manufacture a bulk drug which 

comprises only one of the structural isomers. Alternatively, when such a bulk drug is a mixture 

of structural isomers, it is required to determine the properties of the two types of structural 
25 isomers and to conduct a specification test to quantitatively analyze the content ratio of the | 

respective structural isomers. However, to date, there are no known methods for separating and 

purifying, quantitatively analyzing, or identifying the structural isomers of sc(Fv)2s. 

Meanwhile, some reports describe methods for controlling the abundance ratio of 

monomer/dimer/trimer/tetramer of scFv based on linker length. However, to date, there are no 
30 reports describing methods for controlling the abundance ratio of structural isomers by altering 

linker length because no methods for quantitatively analyzing the structural isomers of sc(Fv)2 

have been discovered, as described above. 

Non-patent Document 1: Protein Engineering, 1993, 6(8), 989-995 

Non-patent Document 2: Protein Engineering, 1994, 7(8), 1027-1033 
35 Non-patent Document 3: Journal of Immunology, 1994, 152, 5368-5374 

Non-patent Document 4: Journal of Immunology, 1 995, 1 54, 4576-4582 i 
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Non-patent Document 5: PNAS, 1995, 92, 7021-7025 
Non-patent Document 6: Journal of Molecular Biology, 1999, 293, 41-56 
Non-patent Document 7: Protein Engineering, 2001, 14(10), 815-823 
Non-patent Document 8: Journal of Molecular Biology, 2003, 330, 99-1 1 1 
5 Non-patent Document 9: Protein Eng Des Sel. 2004 Apr, 1 7(4), 357-66 
Non-patent Document 10: Clinical Cancer Research, 2004, 10, 1274-1281 
Non-patent Document 11: Int. J. Cancer, 1998, 77, 763-772 

Disclosure of the Invention 
10 [Problems to be Solved by the Invention] 

The present invention was achieved in view of such circumstances. An objective of 

the present invention is to provide, pharmaceutical compositions comprising as an active 

ingredient a specific structural isomer of sc(Fv)2, methods for producing the compositions, and 

methods for determining structure and specification testing of such structural isomers for 
15 developing pharmaceuticals. An alternative objective is to provide methods for increasing the 

proportion of a specific structural isomer in sc(Fv)2 compositions, methods for increasing the 

activity of sc(Fv)2 compositions using such methods, and methods for analyzing the structural 

isomers in sc(Fv)2 compositions. 

[Means for Solving the Problems] 
20 The structural isomers of human Mpl antibody and humanized anti-human Mpl antibody 

were confirmed to be of single chain diabody type and bivalent scFv type by separating the 

structural isomers from the sc(Fv)2 compositions and by cleaving the linker(s) or the region 

adjacent to the linker(s) of the obtained isomers. In addition, the agonistic activity was found to 

be markedly different between these structural isomers. 
25 The present inventors also discovered that the content ratio of the structural isomers in 

sc(Fv)2 compositions can be regulated by altering the linker length of sc(Fv)2s. 
The present invention provides the following [1] to [44]: 

[1] a method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 

(a) separating structural isomers in the sc(Fv)2 composition, and 
30 (b) obtaining a specific structural isomer from the separated structural isomers; 

[2] a method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 

(a) pre-identifying a structural isomer with higher activity by comparing the activities of 
structural isomers of sc(Fv)2; 

(b) separating structural isomers in the sc(Fv)2 composition; and 

35 (c) obtaining the structural isomer with higher activity identified in step (a); 

[3] a method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 
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(a) determining a linker length so that the structural isomer ratio in an sc(Fv)2 composition 
would be of a preferred value; 

(b) preparing a sc(Fv)2 composition that has the linker length determined in step (a); 

(c) separating structural isomers in the prepared sc(Fv)2 composition; and 

5 (d) obtaining a specific structural isomer from the separated structural isomers; 

[4] a method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 

(a) preparing multiple sc(Fv)2 compositions with linkers of varying lengths; 

(b) selecting an sc(Fv)2 with linker(s) that give a preferred of structural isomer ratio in an 
sc(Fv)2 composition; 

10 (c) preparing an sc(Fv)2 composition in which the linker lengths are the same as those of sc(Fv)2 
selected in step (b); 

(d) separating the structural isomers in the prepared sc(Fv)2 composition; and 

(e) obtaining a specific structural isomer from the separated structural isomers; 

[5] the method of any one of [1] to [4], wherein the structural isomer is of single chain diabody 
15 type or bivalent scFv type; 

[6] the method of any one of [1] to [5], wherein the structural isomer has an agonistic activity; 

[7] the method of any one of [1] to [6], wherein a linker of sc(Fv)2 is 1 5 amino acids in length; 

[8] a pharmaceutical composition prepared by the production method of any one of [1] to [7]; 

[9] a pharmaceutical composition, wherein the proportion of a specific structural isomer in an 
20 sc(Fv)2 composition is 80% or greater; 

[10] the pharmaceutical composition of [9], wherein the structural isomer is of single chain 

diabody type or bivalent scFv type; 

[11] the pharmaceutical composition of [9] or [10], wherein the structural isomer binds to a 
receptor; 

25 [12] the pharmaceutical composition of any one of [9] to [1 1], wherein the structural isomer 
has an agonistic activity; 

[13] the pharmaceutical composition of [9] to [12], wherein a linker of sc(Fv)2 is 15 amino 
acids in length; 

[14] a method for controlling the activity of an sc(Fv)2 composition comprising the step of 
30 altering the structural isomer proportion in the sc(Fv)2 composition; 

[15] a method for increasing the activity of an sc(Fv)2 composition comprising the step of 

increasing the proportion of a specific structural isomer in the sc(Fv)2 composition; 

[16] a method for increasing the activity of an sc(Fv)2 composition comprising the steps of: 

(a) separating structural isomers in an sc(Fv)2 composition; 
35 (b) obtaining a specific structural isomer from the separated structural isomers; 

[17] a method for increasing the activity of an sc(Fv)2 composition comprising the steps of: 



6 



(a) pre-identifying a structural isomer with higher activity by comparing the activities of 
structural isomers of sc(Fv)2; 

(b) separating structural isomers in the sc(Fv)2 composition; and 

(c) obtaining the structural isomer with higher activity that was identified in step (a); 

5 [1 8] a method for increasing the activity of an sc(Fv)2 composition comprising the steps of: 

(a) applying an sc(Fv)2 composition onto an ion exchange column; and 

(b) removing a specific structural isomer; 

[19] the method of any one of [14] to [1 8], wherein the structural isomer is of single chain 
diabody type or bivalent scFv type; 
10 [20] a method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of heating the sc(Fv)2 composition; 
[21] the method of [20], wherein the structural isomer is of single chain diabody type or 
bivalent scFv type; 

[22] a method for increasing the content ratio of the single chain diabody type in an sc(Fv)2 
15 composition, comprising the step of incubating the sc(Fv)2 composition at 15°C to 50°C; 
[23] a method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting, with a charged amino acid residue, an 
amino acid residue at the contact surface of heavy chain and light chain variable regions in the 
sc(Fv)2; 

20 [24] a method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 

composition, which comprises the step of substituting the following amino acid residues with an 
amino acid residue having the same type of charge: 

(1) the amino acid residue at position 39 in the heavy chain variable region of sc(Fv)2; and 

(2) the amino acid residue at position 38 in the amino acid sequence of the light chain variable 
25 region of sc(Fv)2; 

[25] a method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting the following amino acid residues with an 
amino acid residue having the same type of charge: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
30 region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2; 

[26] a method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting either one of the following amino acid 
35 residues with a charged amino acid residue: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
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region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2; 

[27] a method for increasing the activity of an sc(Fv)2 composition, which comprises the step 
5 of substituting, with a charged amino acid residue, an amino acid residue at the contact surface of 
heavy chain and light chain variable regions of sc(Fv)2; 

[28] a method for increasing the activity of an sc(Fv)2 composition, comprising the step of 
substituting the following amino acid residues with an amino acid residue having the same type 
of charge: 

10 (1) the amino acid residue at position 39 in the heavy chain variable region of sc(Fv)2; and 
(2) the amino acid residue at position 38 in the amino acid sequence of the light chain variable 
region of sc(Fv)2; 

[29] a method for increasing the activity of an sc(Fv)2 composition, comprising the step of 
substituting the following amino acid residues with an amino acid residue having the same type 
15 of charge: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2; 

20 [30] a method for increasing the activity of an sc(Fv)2 composition comprising the step of 
substituting either one of the following amino acid residues with a charged amino acid residue: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
25 region of sc(Fv)2; 

[31] a method for suppressing the isomerization of a structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting, with a charged amino acid residue, an 
amino acid residue at the contact surface of heavy chain and light chain variable regions of 
sc(Fv)2; 

30 [32] a method for suppressing the isomerization of a structural isomer in an sc(Fv)2 

composition, comprising the step of substituting the following amino acid residues with an 
amino acid residue having the same type of charge: 

(1) the amino acid residue at position 39 in the heavy chain variable region of sc(Fv)2; and 

(2) the amino acid residue at position 38 in the amino acid sequence of the light chain variable 
35 region of sc(Fv)2; 

[33] a method for suppressing the isomerization of a structural isomer in an sc(Fv)2 
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composition, comprising the step of substituting the following amino residues with an amino 
acid residue having the same type of charge: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable , 
region of sc(Fv)2; and 

5 (2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region ofsc(Fv)2; 

[34] a method for suppressing the isomerization of a structural isomer in an sc(Fv)2 
composition, comprising the step of substituting either one of the following amino acid residues 
with a charged amino acid residue: 
10 ( 1 ) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2; 

(35] a method for controlling the proportion of a structural isomer in an sc(Fv)2 composition 
15 comprising the step of adjusting the length of a linker in sc(Fv)2; 

[36] the method of [35], wherein the structural isomer is of a single chain diabody type or 
bivalent scFv type; 

[37] a method for increasing the proportion of the single chain diabody type in an sc(Fv)2 

composition, which comprises the step of adjusting the lengths of both end linkers of sc(Fv)2 to 
20 0 to 12 amino acids and the length of the middle linker to 10 to 30 amino acids; 

[38] a method for increasing the proportion of the bivalent scFv type in an sc(Fv)2 composition, 

which comprises the step of adjusting the lengths of both end linkers of sc(Fv)2 to 12 to 30 

amino acids and the length of the middle linker to 0 to 10 amino acids; 

[39] a method for producing an sc(Fv)2 composition in which the content ratio of a single 
25 chain diabody type is 80% or greater, which comprises the step of adjusting the lengths of both 

end linkers of sc(Fv)2 to 0 to 12 amino acids and the length of the middle linker to 0 to 10 amino 

acids; 

[40] a method for producing an sc(Fv)2 composition in which the content ratio of bivalent scFv , 
type is 80% or greater, which comprises the step of adjusting the lengths of both end linkers of 
30 sc(Fv)2 to 12 to 30 amino acids and the length of the middle linker to 0 to 10 amino acids; 

[41] a method for analyzing a structural isomer in an sc(Fv)2 composition, comprising the step 
of cleaving a linker or a region adjacent to the linker in sc(Fv)2; 

[42] the method of [41], wherein the linker or the region nearby the linker is cleaved by a 
treatment with an enzyme; 
35 [43] the method of [4 1 ] or [42], wherein the structural isomer is of a single chain diabody type 
or bivalent scFv type; and 
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[44] a method for analyzing a structural isomer in an sc(Fv)2 composition comprising the steps 
of: 

(a) treating the sc(Fv)2 composition with an enzyme; and 

(b) determining the molecular weight or structure of the product after treatment. 



Brief Description of the Drawings 

Fig. 1 shows in (a) a diagram illustrating VH1 -linker- VL1 -linker- VH2-linker-VL2 
structure of VB22B sc(Fv)2, and in (b), a diagram showing the two types of structural isomers of 
the VHMinker-VLl -linker- VH2-linker-VL2 structure. This diagram shows the bivalent scFv 
10 structure (left) in which VH1 is associated with VL1, and VH2 is associated with VL2; and the 
single chain diabody structure (right) in which VH1 is associated with VL2, and VH2 is 
associated with VL1. 

Fig. 2 shows results of separation of peak 1 and peak 2 in anion exchange 
chromatography. 

15 Fig. 3 shows the result of reducing SDS-PAGE of peak 1 , peak 2, and VB22B sc(Fv)2 

before and after subtilisin treatment. The putative structures for the obtained bands are shown 
on the right. 

Fig. 4 shows a diagram illustrating the difference in the proteolytic pattern after limited 
proteolysis by subtilisin. The difference results from the structural difference between the 
20 bivalent scFv and single chain antibody. In the case of bivalent scFv structure, the |low 
molecular weight antibody) fragment is formed, which is boxed with a dotted line. 

Fig. 5 shows a result of gel filtration chromatography after limited proteolysis of peak 1, 
peak 2, and VB22B sc(Fv)2 by subtilisin. The elution position of the low molecular weight 
antibody peaks are indicated by the arrows. 
25 Fig. 6 shows results of a TPO-like agonistic activity assay of VB22B sc(Fv)2 structural 

isomers. 

Fig. 7 shows results of separating peak 1 and peak 2, using cation exchange 
chromatography. 

Fig. 8 shows peptide mapping of peak 1 and peak 2 which were separated by cation 
30 exchange chromatography. 

Fig. 9 shows results of reducing SDS-PAGE of peak 1, peak 2, and hVB22B u2-wz4 
sc(Fv)2 after subtilisin treatment. The structures of the obtained bands are shown on the right. 

Fig. 10 shows results of gel filtration chromatography after limited proteolysis of peak 1, 
peak 2, and hVB22B u2-wz4 sc(Fv)2 by subtilisin. The elution position of the low molecular 
35 weight antibody peak is indicated by the arrows. 

Fig. 11 shows results from a TPO-like agonistic activity assay of hVB22B u2-wz4 
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sc(Fv)2 structural isomers. 

Fig. 12 shows a diagram illustrating each construct with modified linker forms. Gxx 
represents a construct where the length of middle linker is xx. Lxx is a construct where the 
length of end linkers are xx; the (GGGGS (SEQ ID NO: 1 l))n sequence was used for each linker. 
5 L8 represents a construct where the GGGGSGGS sequence (SEQ ID NO: 20) is used for both 
end linkers whose length is 8. L12 represents a construct where the GGGGSGGGGSGS 
sequence (SEQ ID NO: 21 ) is used for both end linkers whose length is 12. Pxx represents a 
construct where the length of middle linker is made into xx using the (GGPGS(SEQ ID NO: 
17))n sequence as a linker. 
10 Fig. 13 shows results of anion exchange chromatography analysis of each modified 

linker form and the abundance ratio of the obtained structural isomers. The percentage of the 
bivalent scFv type structure is shown. 

Fig. 14 shows chromatograms of hydroxyapatite column and graphs indicating the result 
of gel filtration chromatography analysis of the purified fractions. 
15 Fig. 15 shows results of chromatographic analysis using SOURCE 15S column. 

Fig. 16 shows results of cation exchange chromatography analysis. 

Fig. 17 is a photograph presenting results of SDS-PAGE analysis of peak 1 and peak 2 
of hVB22B u2-wz4 sc(Fv)2 purified on a large scale. 

Fig. 18 shows results of gel filtration analysis of peak 1 and peak 2 of hVB22B u2-wz4 
20 sc(Fv)2 purified on a large scale. 

Fig. 19 shows results of gel filtration chromatography of u2-wz4, and the modified 
forms vl and v3. 

Fig. 20 shows results of cation exchange chromatography of u2-wz4, and the modified 
forms ovl and v3. 

25 Fig. 21 is a photograph presenting results of isoelectric focusing of u2-wz4, purified 

u2-wz4 peak 1 and peak 2, and the modified forms vl and v3. 

Fig. 22 shows results of gel filtration chromatography analysis of purified u2-wz4 peak 
1 and peak 2, and the modified forms vl and v3 after limited proteolysis using protease. 

Fig. 23 shows results of TPO-like agonistic activity assay for purified u2-wz4 peak 1 
30 and peak 2, and the modified forms vl and v3. 

Fig. 24 shows results of DSC analysis of purified u2-wz4 peak 1 and peak 2, and the 
modified forms vl and v3. 

Fig. 25 shows results of gel filtration chromatography analysis in the heat accelerated 
test of purified u2-wz4 peak 1 and peak 2, and the modified forms vl and v3. 
35 Fig. 26 shows results of cation exchange chromatography in the heat accelerated test of 

purified u2-wz4 peak 1 and peak 2, and the modified forms vl and v3. 
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Fig. 27 shows results of separation of peak 1 and peak 2 of humanized anti-human IL-6 
receptor antibody sc(Fv)2 using cation exchange chromatography. 

Fig. 28 shows results of cation exchange chromatography analysis of purified peak 1 
and peak 2 of humanized anti-human IL-6 receptor antibody sc(Fv)2. 
5 Fig. 29 shows results of reducing SDS-PAGE of peak 1 and peak 2 of humanized 

anti-human IL-6 receptor antibody sc(Fv)2 after subtilisin treatment. Putative structures of the 
obtained bands are given on the right. 

Fig. 30 shows results of gel filtration chromatography after limited proteolysis of peak 1 
and peak 2 of humanized anti-human IL-6 receptor antibody sc(Fv)2 with subtilisin. The 
10 elution position of the low molecular weight antibody peak is indicated by an arrow. 

Fig. 31 shows results of IL-6-neutralizing activity assay for peak 1 and peak 2 of 
humanized anti-human IL-6 receptor antibody sc(Fv)2 in BaF3/gpl30. 

Fig. 32 shows a chronological increase of peak 2 in anion exchange chromatography 
analysis using samples of VB22B sc(Fv)2 peak I incubated in 20 mM sodium acetate/150 mM 
15 NaCl (pH 6.0) at 40°C. 

Fig. 33 shows a graph assaying the agonistic activity of peak 1 and peak 2 of VB22B 
sc(Fv)2, and the samples incubated at 40°C for 6 days. The graph also confirms activity 
increase by isomerization of peak 1 to peak 2. 

Fig. 34 shows isomerization of hVB22B u2-wz4 sc(Fv)2 peak 1 to peak2 by incubating 
20 peak 1 at 25°C for 10 days under various conditions. 

Best Mode for Carrying Out the Invention 

In the course of analyzing structural isomers of sc(Fv)2s, the present inventors 

discovered that there were differences in activity between the structural isomers. Furthermore, 
25 the inventors found that the ratio of structural isomers in sc(Fv)2 compositions was adjustable 

and specific structural isomers could be separately obtained from the sc(Fv)2 compositions. 

The present invention was achieved based on these findings. 

The present invention provides methods for producing pharmaceutical compositions, 

which comprise steps of separating structural isomers in the sc(Fv)2 compositions and obtaining 
30 specific structural isomers from the separated structural isomers. 

In the present invention, sc(Fv)2 are single-chain low molecular weight antibodies 

produced by linking four or more antibody variable regions with linkers and such. The sc(Fv)2 

includes, for example, antibodies with the following arrangement: [variable region 1] (linker 

Invariable region 2] (linker 2)[variable region 3] (linker 3)[variable region 4]. 
35 Generally, sc(Fv)2 is a single-chain antibody produced by linking two VHs and two VLs, 

four variable regions in total, with linkers and such (Hudson et al. 9 J Immunol. Methods (1999) 
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23 1 : 1 77-1 89). The two VHs and two VLs may derive from different monoclonal antibodies, 
sc(Fv)2s can be produced by methods known to those skilled in the art, for example, by 
linking scFvs with linkers. scFv contains the VH and VL of an antibody, and these regions 
exist on a single polypeptide chain (for a review on scFv, see Pluckthun "The Pharmacology of 
5 Monoclonal Antibodies" Vol. 1 13, eds. Rosenburg and Moore, Springer Verlag, New York (1994) 
pp. 269-315). 

The sc(Fv)2s of the present invention include antibodies in which two VHs and two VLs 

are arranged in the order of, VH, VL, VH, and VL ([VH] linker [VL] linker [VH] linker [VL]), 

starting from the N terminus of a single-chain polypeptide. However, the order of the two VHs 
10 and two VLs is not limited to the above arrangement, and may be arranged in any order. 

Examples of arrangements are listed below: 

[VL] linker [VH] linker [VH] linker [VL] 

[VH] linker [VL] linker [VL] linker [VH] 

[VH] linker [VH] linker [VL] linker [VL] 
15 [VL] linker [VL] linker [VH] linker [VH] 

[VL] linker [VH] linker [VL] linker [VH] 

The sc(Fv)2s of the present invention may also comprise amino acid sequences in 

addition to those of the antibody variable regions and linkers. 

The variable regions of the antibody used in the present invention may be the entire 
20 variable region, or partial sequences of the variable region, as long as they retain antigen-binding 

activity. Furthermore, the amino acid sequences in the variable regions may be substituted, 

deleted, added, inserted, and such. For example, the variable regions may be chimerized or 

humanized to reduce antigenicity. 

Other proteins, such as an Fc domain of an IgQ may be fused with the N or C terminus 
25 of the sc(Fv)2 of the present invention (Clinical Cancer Research (2004) 10, 1274-1281). Such 

proteins to be fused can be suitably selected by those skilled in the art. The sc(Fv)2 of the 

present invention may be in the form of (scFv)2-Fc in which two units of scFv are linked to the 

N terminus of each hinge of Fc and the antibody Fc region is used as the middle linker (linker 2) 

(J Immunol Methods (2005) 306(1 -2):93- 103). 
30 The sc(Fv)2s of the present invention may be conjugated with carrier polymers, such as 

PEGs, or organic compounds, such as anticancer agents. Alternatively, sugar chains can be 

added by inserting a glycosylation sequence. 

The linkers for linking the variable regions of an antibody can be arbitrary peptide 

linkers that can be introduced by genetic engineering, or synthetic linkers (for example, see 
35 Protein Engineering (1996) 9(3), 299-305); however, peptide linkers are preferred in the present 

invention. The length of the peptide linkers can be suitably selected by those skilled in the art, 
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depending on the purpose, and is preferably five amino acids or more (the upper limit is not 
particularly limited; however, the length is typically 30 amino acids or less, preferably 20 amino 
acids or less), and more preferably 1 5 amino acids. When an sc(Fv)2 comprises three peptide 
linkers, the lengths of the peptide linkers may all be the same or different. 
5 For example, such peptide linkers include: 

Ser 

Gly-Ser 
Gly-Gly-Ser 
Ser-Gly-Gly 
10 Gly-Gly-Gly-Ser (SEQ ID NO: 9) 
Ser-Gly-Gly-Gly (SEQ ID NO: 10) 
Gly-GIy-Gly-Gly-Ser (SEQ ID NO: 1 1) 
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 12) 
Gly-Gly-Gly-Gly-Gly-Ser(SEQ ID NO: 13) 
15 Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 14) 

Gly-Gly-GIy-GIy-Giy-GIy-Ser (SEQ ID NO: 15) 
Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 16) 
(Gly-Gly-Gly-Gly-Ser (SEQ ID NO: ll))n 
(Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 12))n 
20 where n is an integer of one or more. The lengths and sequences of the peptide linkers can be 
suitably selected by those skilled in the art, depending on the purpose. 

Synthetic linkers (chemical crosslinking agents) include crosslinking agents routinely 
used to crosslink peptides, for example, N-hydroxy succinimide (NHS), disuccinimidyl suberate 
(DSS), bis(succinimidyl) suberate (BS3), dithiobis(succinimidyl propionate) (DSP), 
25 dithiobis(succinimidyl propionate) (DTSSP), ethylene glycol bis(succinimidyl succinate) (EGS), 
ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS), disuccinimidyl tartrate (DST), 
disulfosuccinimidyl tartrate (sulfo-DST), bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone 
(BSOCOES), and bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES). These 
crosslinking agents are commercially available. 
30 In general, three linkers are required to link four antibody variable regions together. 

The linkers to be used may all be the same or different. 

Herein, the sc(Fv)2 compositions refer to compositions comprising one or more 
structural isomers of sc(Fv)2. 

sc(Fv)2 compositions can be prepared by methods known to those skilled in the art. 
35 For example, the sc(Fv)2 compositions can be prepared by introducing into a host cell a vector 
comprising DNA encoding sc(Fv)2 as an insert, expressing sc(Fv)2, and collecting the 
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expression products. 

The vectors are not particularly limited, and any vector can be used so long as it can 
stably carry the insert DNA. For example, when Escherichia coii (E. coli) is used as the host, 
various commercially available vectors may be used; however, preferred cloning vectors are 
5 pBluescript vector (Stratagene). When using vectors for the purpose of producing the sc(Fv)2 
of the present invention, expression vectors are particularly useful. The expression vectors are 
not particularly limited so long as the vectors expresses the sc(Fv)2 in vitro, in E. coli, in culture 
cells, or in a body of an organism. For example, pBEST vector (Promega) is preferred for in 
vitro expression; pET vector (Invitrogen), for E. coli; pMEl 8S-FL3 vector (GenBank Accession 

10 No. AB009864), for culture cells; and pMEl 8S vector (Mol Cell Biol. 8:466-472 (1 988)), for 
organisms. DNAs of the present invention can be inserted into the vectors by conventional 
methods, for example, by ligation using restriction sites (Current protocols in Molecular Biology, 
eds. Ausubel etal. (1987) Publish. John Wiley & Sons, Section 1 1.4-1 1.1 1). 

The host cells described above are not particularly limited, and depending on the 

15 purpose, various host cells can be used. Cells for expressing sc(Fv)2 include, for example, 
bacterial cells (for example, Streptococcus, Staphylococcus, E. coli, Streptomyces, and Bacillus 
subtilis); fungal cells (for example, yeast and Aspergillus); insect cells (for example, Drosophila 
S2 and Spodoptera SF9); animal cells (for example, CHO, COS, HeLa, CI 27, 3T3, BHK, 
HEK293, and Bowes melanoma cell); and plant cells. The vectors can be introduced into host 

20 cells by known methods, for example, calcium-phosphate precipitation method, electroporation 
(Current protocols in Molecular Biology, eds. Ausubel et al (1987) Publish. John Wiley & Sons, 
Section 9.1-9.9), lipofectamine method (GIBCO-BRL), and microinjection method. 

When the sc(Fv)2 of the present invention is secreted into the culture media, the sc(Fv)2 
compositions can be collected by collecting the culture media. Alternatively, when the sc(Fv)2 

25 is produced within cells, the cells are first lysed and then the sc(Fv)2 compositions are collected. 

The sc(Fv)2 compositions of the present invention may be in any state, so long as they 
comprise one or more structural isomers of sc(Fv)2. The compositions include, for example, 
crude compositions such as recombinant cell cultures, and compositions in a purified state, but 
are not limited thereto. 

30 In the present invention, structural isomers refer to proteins whose amino acid 

sequences are identical but the conformations (secondary or tertiary structures) are different from 
each other. In general, structural isomers are different in at least one of chemical, biological, or 
physical properties. 

The structural isomers of sc(Fv)2 include, for example, structural isomers of single 
35 chain diabody type and bivalent scFv type. 

Herein, the single chain diabody type refers to sc(Fv)2 having a structure in which 
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variable regions 1 and 4 are associated together, and variable regions 2 and 3 are associated 
together, when the sc(Fv)2 are in the following arrangement: [variable region 1] (linker 
Invariable region 2] (linker 2)[variable region 3] (linker 3)[variable region 4]. 

Herein, the bivalent scFv type refers to sc(Fv)2 having a structure in which variable 
5 regions 1 and 2 are associated together and variable regions 3 and 4 are associated together. 

The single chain diabody type and bivalent scFv type include, for example, sc(Fv)2 
having the structure shown in Fig. lb. Whether a structural isomer of sc(Fv)2 has a single 
chain diabody type structure or bivalent scFv type structure can be determined by the methods 
for identifying structural isomers as described below. Alternatively, such an identification can 
10 be carried out by NMR analysis, crystal structure analysis, or such. 

The structural isomers can be separated and obtained (purified) from sc(Fv)2 
compositions, for example, by loading the sc(Fv)2 compositions onto an ion exchange or 
hydroxyapatite column and obtaining or removing specific structural isomers, but are not limited 
to these methods. The purification can also be carried out by methods known to those skilled in 
15 the art, such as various chromatographic columns, filtration, ultrafiltration, salting precipitation, 
solvent precipitation, solvent extraction, distillation, immunoprecipitation, SDS-polyacrylamide 
gel electrophoresis, isoelectric focusing, capillary isoelectric focusing, dialysis, and 
recrystallization. 

Chromatographies include, for example, ion exchange chromatographies, adsorption 
20 chromatographies, isoelectric focusing, gel filiations, reverse-phase chromatographies, and 
hydrophobic chromatographies (Strategies for Protein Purification and Characterization: A 
Laboratory Course Manual. Ed Daniel R. Marshak et ai, Cold Spring Harbor Laboratory Press, 
1996). Chromatographies can be carried out by using liquid phase chromatographies such as 
HPLC and FPLC. 

25 When ion exchange chromatographies are used, the types of ion exchange columns to 

be used are not particularly limited. Both cation exchange columns and anion exchange 
columns may be used, and such columns can be suitably determined depending on the target 
antibody, structural isomer, or such. For example, SP ion exchange columns, Q ion exchange 
columns, and the like can be used, but are not limited thereto. Adsorption chromatographies 

30 include, for example, hydroxyapatite chromatography, but are not limited thereto. 

Based on the present invention, purified samples of specific structural isomers can also 
be obtained using these purification methods. 

The production methods of the pharmaceutical compositions of the present invention 
compares the activity between the structural isomers of sc(Fv)2 and pre-determines the structural 

35 isomer with a higher activity, when the structural isomers in sc(Fv)2 compositions are different 
in their activities. Thus they allow the separation and acquisition of a structural isomer with 
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higher activity from structural isomers in sc(Fv)2 compositions. Furthermore, the production 
methods of the pharmaceutical compositions of the present invention enable the preparation of 
compositions of sc(Fv)2 having predetermined linker lengths, in which the linker lengths are 
determined to obtain a preferred ratio of structural isomers in the sc(Fv)2 compositions using the 
5 method described below, before separating the structural isomers from the sc(Fv)2 compositions. 
Alternatively, sc(Fv)2 compositions can also be prepared by the following steps: preparing 
multiple sc(Fv)2 compositions with varying linker lengths before separating the structural 
isomers from the sc(Fv)2 compositions; analyzing the ratio of the structural isomers by the 
methods of analyzing the ratio of structural isomers described below; selecting sc(Fv)2 having 

10 linkers that give a preferred ratio of structural isomers in sc(Fv)2 compositions, and preparing 
sc(Fv)2 compositions from the selected sc(Fv)2. Alternatively, sc(Fv)2 compositions can also 
be prepared from the selected sc(Fv)2 by modifying amino acid residues which form the contact 
surface of VH and VL, using the method described below. 

Herein, the structural isomer with higher activity refers to structural isomers which have 

15 a high activity, preferably having the highest activity, when the structural isomers differ in their 
activities. For example, when two types of structural isomers exist, the structural isomer having 
higher activity is the present invention's structural isomer with higher activity. 

Structural isomers with higher activity can be determined by methods known to those 
skilled in the art. The structural isomers with higher activity can be determined, for example, 

20 by isolating each structural isomer and by measuring their activities of interest under the same 
conditions. 

The activity of the present invention may be any activity, such as binding activity, 
neutralizing activity, cytotoxic activity, agonistic activity, antagonistic activity, and enzymatic 
activity. The activity is not particularly limited; however, the activity is preferably an activity 

25 that quantitatively and/or qualitatively alters or influences living bodies, tissues, cells, proteins, 
DNAs, RNAs, and such., Agonistic activities are especially preferred. 

"Agonistic activity" refers to an activity that induces a change in some physiological 
activity by transducing a signal into cells and such, due to the binding of an antibody to an 
antigen such as a receptor. Physiological activities include, but are not limited to, for example, 

30 proliferation activity, survival activity, differentiation activity, transcriptional activity, membrane 
transportation activity, binding activity, proteolytic activity, phosphorylation/dephosphorylation 
activity, oxidation/reduction activity, transfer activity, nucleolytic activity, dehydration activity, 
cell death-inducing activity, and apoptosis-inducing activity. 

The antigens of the present invention are not particularly limited, and any antigen may 

35 be used. Examples of antigens include, receptors, tumor antigens, MHC antigens, and 

differentiation antigens. Examples of receptors include receptors belonging to receptor families 
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such as the hematopoietic growth factor receptor family, the cytokine receptor family, the 
tyrosine kinase receptor family, the serine/threonine kinase receptor family, the TNF receptor 
family, the G protein-coupled receptor family, the GPI-anchored receptor family, the tyrosine 
phosphatase receptor family, the adhesion factor family, and the hormone receptor family. 
5 There are many documents that describe receptors belonging to these receptor families, and their 
characteristics, which include for example, Cooke BA, King RJB, van der Molen HJ Eds. New 
Comprehensive Biochemistry V0I.I8B "Hormones and their Actions Part II" pp. 1-46 (1988) 
Elsevier Science Publishers BV, New York, USA; Patthy L. (1990) Cell, 61: 13-14; Ullrich A. et 
al. (1990) Cell, 61: 203-212; Massagul J. (1992) Cell, 69: 1067-1070; Miyajima A. et al (1992) 

10 Annu. Rev. Immunol., 10: 295-33 1 ; Taga T. and Kishimoto T. (1992) FASEB J., 7: 3387-3396; 
Fantl WI. et al (1993) Annu. Rev. Biochem., 62: 453-481; Smith CA., et al (1994) Cell, 76: 
959-962; Flower DR. (1999) Biochim. Biophys. Acta, 1422: 207-234; SAIBO KOGAKU (Cell 
Technology) Supplementary vol. Handbook series "Handbook for Adhesion factors" M. 
Miyasaka Ed. (1994) Shujunnsha, Tokyo, Japan, and so on. 

15 Specific receptors belonging to the receptor families listed above include: human or 

mouse erythropoietin (EPO) receptor, human or mouse granulocyte-colony stimulating factor 
(G-CSF) receptor, human or mouse thrombopoietin (TPO) receptor, human or mouse insulin 
receptor, human or mouse Flt-3 ligand receptor, human or mouse platelet-derived growth factor 
(PDGF) receptor, human or mouse interferon (IFN)-ot and -P receptor, human or mouse leptin 

20 receptor, human or mouse growth hormone (GH) receptor, human or mouse interleukin (IL)-10 
receptor, human or mouse insulin-like growth factor (IGF>I receptor, human or mouse leukemia 
inhibitory factor (LIF) receptor, and human or mouse ciliary neurotrophic factor (CNTF) 
receptor (hEPOR: Simon, S. et al (1990) Blood 76, 31-35; mEPOR: D'Andrea, AD. et al (1989) 
Ceil 57, 277-285; hG-CSFR: Fukunaga, R. etal (1990) Proc. Natl. Acad. Sci. USA. 87, 

25 8702-8706; mG-CSFR: Fukunaga, R. et al (1990) Cell 61, 341-350; hTPOR: Vigon, I. et al 

(1992) 89, 5640-5644; mTPOR: Skoda, RC. et al (1993) 12, 2645-2653; hlnsR: Ullrich, A. et al 
(1985) Nature 313, 756-761; hFlt-3: Small, D. et al (1994) Proc. Natl. Acad. Sci. USA. 91, 
459-463; hPDGFR: Gronwald, RGK. et al (1988) Proc. Natl. Acad. Sci. USA. 85, 3435-3439; 
hlFN o/p R: Uze, G. et al (1990) Cell 60, 225-234, and Novick, D. et al (1994) Ceil 77, 

30 391-400). 

Tumor antigens, which are also called tumor-specific antigens, are expressed along with 
malignant transformation of cells. Furthermore, abnormal sugar chains displayed on cellular 
surface or protein molecules upon canceration of cells also serve as tumor antigens, and are 
called tumor-associated carbohydrate antigens in particular. Tumor antigens include, for 
35 example, CA19-9, CA15-3, sialyl SSEA-1 (SLX) and the like. 

MHC antigens are broadly grouped under MHC class I and II antigens. MHC class I 
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antigens include HLA-A, -B, -C, -E, -F, -Q and -H, while MHC class II antigens include 

HLA-DR, -DQ, and -DP. 

Differentiation antigens include CD1, CD2, CD3, CD4, CDS, CD6, CD7, CD8, CD10, 

CDlla, CDllb, CDllc, CD13, CD14, CDISs, CD16, CD18, CD19, CD20, CD21, CD23, CD25, 
5 CD28, CD29, CD30, CD32, CD33, CD34, CD35, CD38, CD40, CD41a, CD41b, CD42a, CD42b, 

CD43, CD44, CD45, CD45RO, CD48, CD49a, CD49b, CD49c, CD49d, CD49e, CD49f, CD51, 

CD54, CD55, CD56, CD57, CD58, CD61, CD62E, CD62L, CD62P, CD64, CD69, CD71, CD73, 

CD95, CD102, CD106, CD122, CD126, and CDwl30 and such. 

There is no limitation as to the type of detection indicators to be used for determining 
10 the change in activity, as long as the indicator can monitor quantitative and/or qualitative 

changes. For example, it is possible to use cell-free assay indicators, cell-based assay indicators, 

tissue-based assay indicators, and in biological indicators. 

Indicators that can be used in cell-free assays include enzymatic reactions, quantitative 

and/or qualitative changes in proteins, DNAs, or RNAs. Such enzymatic reactions include, for 
15 example, amino acid transfers, sugar transfers, dehydrations, dehydrogenations, and substrate 

cleavages. Alternatively, protein phosphorylations, dephosphorylations, dimerizations, 

multimerizations, hydrolyses, dissociations and such; DNA or RNA amplifications, cleavages, 

and extensions can be used as the indicator in cell-free assays. For example, protein 

phosphorylations downstream of a signal transduction pathway may be used as a detection 
20 indicator. 

Alterations in cell phenotype, for example, quantitative and/or qualitative alterations in 
products, alterations in growth activity, alterations in cell number, morphological alterations, or 
alterations in cellular properties, can be used as indicators in cell-based assays. The products 
include, for example, secretory proteins, surface antigens, intracellular proteins, and mRNAs. 

25 The morphological alterations include, for example, alterations in dendrite formation and/or 
dendrite number, alteration in cell flatness, alteration in cell elongation/axial ratio, alterations in 
cell size, alterations in intracellular structure, heterogeneity/homogeneity of cell populations, and 
alterations in cell density. Such morphological alterations can be observed under a microscope. 
Cellular properties to be used as the indicator include anchor dependency, cytokine-dependent 

30 response, hormone dependency, drug resistance, cell motility, cell migration activity, pulsatory 
activity, and alteration in intracellular substances. Cell motility includes cell infiltration activity 
and cell migration activity. The alterations in intracellular substances include, for example, 
alterations in enzyme activity, mRNA levels, levels of intracellular signaling molecules such as 
Ca2+ and cAMP, and intracellular protein levels. When a cell membrane receptor is used, 

35 alterations in the cell proliferating activity induced by receptor stimulation can be used as the 
indicator. 
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Indicators to be used in tissue-based assays include functional alterations adequate for 
the subject tissue. 

Alterations in tissue weight, alterations in the blood system (for example, alterations in 
blood cell counts, protein contents, or enzyme activities), alterations in electrolyte levels, and 
5 alterations in the circulating system (for example, alterations in blood pressure or heart rate) can 
be used as biological indicators. 

The methods for measuring such detection indices are not particularly limited. For 
example, absorbance, luminescence, color development, fluorescence, radioactivity, fluorescence 
polarization, surface plasmon resonance signal, time-resolved fluorescence, mass, absorption 

10 spectrum, light scattering, and fluorescence resonance energy transfer may be used. These 
measurement methods are known to those skilled in the art and may be selected appropriately 
depending on the purpose. 

For example, absorption spectra can be obtained by using a conventional photometer, 
plate reader, or such; luminescence can be measured with a luminometer or such; and 

15 fluorescence can be measured with a fluorometer or such. Mass can be determined with a mass 
spectrometer. Radioactivity can be determined with a device such as a gamma counter 
depending on the type of radiation. Fluorescence polarization can be measured with BEACON 
(TaKaRa). Surface plasmon resonance signals can be obtained with BIACORE. 
Time-resolved fluorescence, fluorescence resonance energy transfer, or such can be measured 

20 with ARVO or such. Furthermore, a flow cytometer can also be used for measuring. It is 
possible to use one of the above methods to measure two or more different types of detection 
indices. A greater number of detection indices may also be examined by using two or more 
measurement methods simultaneously and/or consecutively. For example, fluorescence and 
fluorescence resonance energy transfer can be measured at the same time with a fluorometer. 

25 In the present invention, agonistic activities can be assayed by methods known to those 

skilled in the art. For example, agonistic activities can be determined by methods using cell 
growth as an indicator, as described in the Examples. More specifically, an antibody whose 
agonistic activity is to be determined is added to cells which proliferate in an agonist-dependent 
manner, followed by incubation of the cells. Then, a reagent such as WST-8 which shows a 

30 coloring reaction at specific wavelengths depending on the viable cell count, is added to the 

culture and the absorbance is measured. Subsequently, the agonistic activity can be determined 
using the obtained absorbance as an indicator 

Cells that proliferate in an agonist-dependent manner can also be prepared by methods 
known to those skilled in the art. For example, when the antigen is a receptor capable of 

35 transducing cell growth signals, cells expressing the receptor may be used. Alternatively, when 
the antigen is a receptor that cannot transduce signals, a chimeric receptor consisting of the 
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intracellular domain of a receptor that transduces cell growth signals and the extracellular 
domain of a receptor that does not transduce cell growth signals can be prepared for cellular 
expression. Receptors that transduce cell growth signals include, for example, G-CSF receptors, 
mpl, neu, GM-CSF receptors, EPO receptors, c-kit, and FLT-3. Cells that can be used to 
5 express a receptor include, for example, BaF3, NFS60, FDCP-1, FDCP-2, CTLL-2, DA-1, and 
KT-3. 

Herein, pharmaceutical sc(Fv)2 compositions refer to sc(Fv)2 compositions aimed at 

administration to humans for treating or preventing diseases. 

Specific structural isomers of sc(Fv)2 separated and obtained by the methods of the 
10 present invention or sc(Fv)2 compositions with an increased portion of specific structural 

isomers as described in the methods below can be mixed with pharmaceutical ly acceptable 

carriers or solvents that are inactive to the sc(Fv)2 to prepare pharmaceutical compositions. 

Specifically, the present invention also provides pharmaceutical compositions that comprise as 

an active ingredient a structural isomer of sc(Fv)2 separated and obtained by the methods 
15 described above or a sc(Fv)2 composition with an increased portion of a specific structural 

isomer. 

Such pharmaceutically acceptable carriers and solvents include, for example, sterilized 

water, physiological saline, stabilizers, vehicles, antioxidants (ascorbic acid and such), buffers 

(phosphate, citrate, and other organic acids and such), preservatives, detergents (PEG and Tween 
20 and the like), chelating agents (EDTA and the like), and binders and the like. Alternatively, the 

pharmaceutically acceptable carries and solvents may comprise other low molecular weight 

antibody polypeptides; proteins, such as serum albumin, gelatin, and immunoglobulins; amino 

acids, such as glycine, glutamine, asparagine, arginine, and lysine; carbohydrates and sugars, 

such as polysaccharides and monosaccharides; and sugar alcohols, such as mannitol and sorbitol. 
25 When prepared as aqueous solutions for injection, the compositions can comprise, for example, , 

physiological saline, an isotonic solution comprising glucose and other adjuvants, including, for 

example, D-sorbitoI, D-mannose, D-mannitoI, and sodium chloride, which can also be used in 

combination with an appropriate solubilizing agent, for example, alcohol (such as ethanol), 

polyalcohol (propylene glycol and PEG and such), and non-ionic detergent (polysorbate 80 and 
30 HCO-50 and such). 

If required, the agents may be encapsulated in microcapsules (microcapsules of 

hydroxymethylcellulose, gelatin, poly[methylmethacrylic acid] or such) or prepared as colloidal 

drug delivery systems (liposome, albumin microspheres, microemulsion, nano-particles, 

nano-capsules, and such) (see "Remington's Pharmaceutical Science 16th edition", Oslo Ed., 
35 1 980, and the like). Furthermore, methods for making agents into sustained-release agents are j 

also known, and are applicable to the present invention (Langer et ai, J. Biomed. Mater. Res. 
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1981, 15: 167-277; Langer, Chem. Tech. 1982, 12: 98-105; U.S. Patent No. 3,773,919; European 
Patent Application No. (EP) 58,481; Sidman et a/., Biopolymers 1983, 22: 547-556; and EP 
133,988). 

The sc(Fv)2 pharmaceutical compositions of the present invention can be prepared by 
5 methods known to those skilled in the art and are not limited to the methods described above. 

Administration to patients may be performed either orally or parenterally, but preferably 
is performed parenterally. Specific examples include injections, nasal formulations, pulmonary 
formulations, and cutaneous formulations. For example, injections can be administered 
systemically or locally by intravenous injection, intramuscular injection, intraperitoneal injection, 
10 or subcutaneous injection. Furthermore, methods for administration can be suitably selected 
according to the age and symptoms of the patient. Dose to be given for example, can be 
selected from within the range of 0.0001 mg to 1,000 mg per kg of body weight for a single dose. 
Alternatively, the dose can be selected from within the range of 0.001 to 100,000 mg/body for 
each patient. However, the dose of an antibody of the present invention is not limited to these 
15 examples. 

The present invention provides sc(Fv)2 compositions in which the content ratio of a 
specific structural isomer is 80% or greater, preferably 90% or greater, and more preferably 95% 
or greater. More specifically, sc(Fv)2 compositions in which the content ratio of single chain 
diabody type is 80% or greater, preferably 90% or greater, and more preferably 95% or greater, 

20 or sc(Fv)2 compositions in which the content ratio of bivalent scFv type is 80% or greater, 
preferably 90% or greater, and more preferably 95% or greater can be exemplified. 

Herein, "the content ratio of a specific structural isomer is 80%" means that the 
proportion of a specific structural isomer to the total structural isomers in the sc(Fv)2 
composition is 80%. For example, when an sc(Fv)2 composition comprises two types of 

25 structural isomers, single chain diabody type and bivalent scFv type, "the content ratio of the 
single chain diabody type is 80%" means that the ratio of the single chain diabody type and 
bivalent scFv type is 80:20. 

In the present invention, the upper limit of the content ratio of 80% or greater, 90% or 
greater, or 95% or greater is not particularly limited; however, the limit is preferably 100% or 

30 close to 1 00%. The upper limit that is close to 1 00% includes, for example, 99.999%, 99.99%, 
99.9%, 99%, or such, varying depending on the purification and/or analytical techniques of those 
skilled in the art. The content ratio of a structural isomer can be determined, for example, by 
separating the structural isomers using ion exchange chromatography, isoelectric focusing, 
capillary isoelectric focusing, and the like. 

35 The present invention also provides pharmaceutical compositions comprising as an 

active ingredient an sc(Fv)2 composition in which the content ratio of a specific structural 
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isomer is 80% or greater. When sc(Fv)2 is used as a pharmaceutical composition, in general, 
higher activities are preferred. Thus, the composition preferably comprises as an active 
ingredient an sc(Fv)2 composition in which the content ratio of a structural isomer with higher 
activity is 80% or greater. For example, the agonistic activity of an anti-Mpl antibody is higher 
5 when the antibody is in the form of a single chain diabody. Therefore, when sc(Fv)2 is used 
against Mpl as an agonist, such pharmaceutical compositions preferably comprises as an active 
ingredient an sc(Fv)2 composition in which the content ratio of single chain diabody type is 80% 
or greater. 

The present invention provides methods for controlling the activity of sc(Fv)2 
10 compositions, which comprise the steps of modifying the proportion of structural isomers in the 
sc(Fv)2 compositions. 

Based on the finding that there are significant differences between the activities of 
structural isomers of sc(Fv)2, the present invention has discovered that the activity of sc(Fv)2 
compositions can be controlled by altering the content ratio of a specific structural isomer in the 
15 sc(Fv)2 compositions. Specific methods for controlling the activity of sc(Fv)2 compositions 
include, for example, altering the ratio between the single chain diabody type and bivalent scFv 
type in the sc(Fv)2 compositions. The activity of sc(Fv)2 compositions can thus be controlled 
by this method. 

The present invention also provides methods for increasing the activity of sc(Fv)2 

20 compositions, which comprise increasing the proportion of a specific structural isomer in the 
sc(Fv)2 compositions. This can be performed by the above-described methods for separating 
and obtaining specific structural isomers from the sc(Fv)2 compositions. 

For example, highly active sc(Fv)2 compositions can be produced by increasing the 
proportion of a structural isomer with higher activity in sc(Fv)2 compositions. In contrast, 

25 sc(Fv)2 compositions with a repressed activity can be produced by reducing the proportion of the 
structural isomer with higher activity in the sc(Fv)2 compositions. 

When the activity of the single chain diabody type is higher than that of the bivalent 
scFv type, the activity of sc(Fv)2 compositions can be increased by increasing the content ratio 
of the single chain diabody type in sc(Fv)2 compositions, or the activity of sc(Fv)2 compositions 

30 can be reduced by increasing the content ratio of the bivalent scFv type. In contrast, when the 
activity of the bivalent scFv type is higher than that of the single chain diabody type, the activity 
of sc(Fv)2 compositions can be increased by increasing the content ratio of the bivalent scFv 
type in sc(Fv)2 compositions, or the activity of sc(Fv)2 compositions can be reduced by 
increasing the content ratio of the single chain diabody type. Whether the single chain diabody 

35 has the higher activity or whether the bivalent scFv has the higher activity depends on the type of 
activity of interest; however, the activity can be readily determined by methods known to those 
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skilled in the art. 

When sc(Fv)2s are used as pharmaceutical compositions, higher activities are often 
more preferred in general. Accordingly, the activity of pharmaceutical compositions can be 
increased by altering the content of a specific structural isomer in sc(Fv)2 compositions. 
5 The method for increasing the activity of sc(Fv)2 compositions by increasing the 

content ratio of a specific structural isomer contained in the sc(Fv)2 compositions can be any 
method. For example, the content ratio of a specific structural isomer may be increased after 
obtaining the sc(Fv)2 composition or alternatively, DNA encoding sc(Fv)2 may be designed so 
that the content ratio of a specific structural isomer would be increased. 

10 Specific methods for increasing the proportion of a specific structural isomer after 

obtaining sc(Fv)2 compositions include, for example, methods that isolate the target structural 
isomer from the obtained sc(Fv)2 compositions (or removing structural isomers other than the 
target structural isomer). Such an isolation of the target structural isomers can be performed by 
the above-described protein separation and acquisition methods known to those skilled in the art. 

15 Furthermore, the content ratio of a specific structural isomer can also be increased, for 

example, by heating sc(Fv)2 compositions. The present inventors discovered that the content 
ratio of the single chain diabody type could be increased by incubating sc(Fv)2 compositions at a 
constant temperature. Thus, the content ratio of the single chain diabody type can be increased 
by incubating sc(Fv)2 compositions at 1 5 to 50°C, preferably at 20 to 40°C, more preferably at 

20 25 to 35°C. The increased content ratio of the single chain diabody type would be maintained 
even when the incubated sc(Fv)2 compositions are returned to the original temperature. 

Methods for designing DNA encoding sc(Fv)2 to increase the content ratio of a specific 
structural isomer include, for example, the above described methods for designing DNA such 
that the linker is of appropriate length. 

25 Furthermore, the content ratio of a specific structural isomer in sc(Fv)2 compositions 

can be increased by controlling the association of the variable regions of sc(Fv)2. Specifically, 
DNA encoding sc(Fv)2 is modified so that amino acid residues which form the contact surface of 
the sc(Fv)2 variable regions are modified. 

Herein, "association" may in other words refer to the state of interaction between the 

30 variable regions of the sc(Fv)2, for example. 

Herein, "controlling the association" means controlling to achieve a desired state of 
association, more specifically controlling to prevent an unfavorable association formed in the 
sc(Fv)2. 

Herein, "contact surface" generally refers to the association surface when the 
35 association (interaction) takes place. Amino acid residues that form the contact surface 
generally refer to one or more amino acid residues in the variable regions of sc(Fv)2, which 
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participate in the association, and more preferably refer to amino acid residues that come close 
together and are involved in the interaction when association takes place. Specifically, such 
interactions include hydrogen bonding, electrostatic interaction, and salt bridging of amino acid 
residues that come close together upon association. 
5 Herein, the "amino acid residues that form the contact surface" specifically describes 

the amino acid residues in the variable regions of sc(Fv)2 that constitute the contact surface. 

Specifically, the "modification" of amino acid residues in the methods of the present 
invention refers to substituting the original amino acid residues (before modification) with other 
amino acid residues, deleting the original amino acid residues, or newly adding some amino acid 
10 residues, but preferably refers to substituting other amino acid residues for the original amino 
acid residues. 

"Modifying the DNA" in the above-described methods of the present invention means 
to modify a DNA so that it corresponds to the amino acid residues to be introduced by the 
"modification" of the present invention. More specifically, "Modifying the DNA" means that a 

15 DNA encoding the original amino acid residues is modified to a DNA encoding the amino acid 
residues with a modification introduced. This generally implies inserting, deleting, or 
substituting at least one nucleotide of the original DNA by gene manipulation or mutagenesis, to 
create a codon that encodes the target amino acid residue. Specifically, the codon encoding the 
original amino acid residue is replaced with a codon encoding an amino acid residue introduced 

20 by modification. Such a DNA modification can be suitably carried out by techniques known to 
those skilled in the art, for example, the site-directed mutagenesis method, or PCR mutagenesis 
method. 

In a preferred embodiment of the present invention, for example, mutations are 
introduced at amino acid residues on the contact surface so that the charges of two or more 

25 amino acid residues forming the contact surface in the variable regions of sc(Fv)2 are of the 

same kind. As a result of such modification of two or more amino acid residues involved in the 
association on the contact surface to have the same kind of charge, the association of the amino 
acid residues are inhibited by the repulsive force between the charges. Thus, such amino acid 
residues to be modified by the methods described above are preferably two or more amino acid 

30 residues that come close to each other upon association of the variable regions of sc(Fv)2 to form 
the contact surface. 

The amino acid residues that come close together upon association can be found, for 
example, by analyzing the tertiary structure of sc(Fv)2 and examining the amino acid sequences 
of the variable regions that form the contact surface upon association of the sc(Fv)2. Such 
35 amino acid residues that come close together at the contact surface are preferred targets for 
"modification" by the methods of the present invention. 
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Some amino acids are known to be charged. Generally known amino acids with a 
positive charge (positively-charged amino acids) include lysine (K), arginine (R), and histidine 
(H). Known amino acids with a negative charge (negatively charged amino acids) include 
aspartic acid (D) and glutamic acid (E) and such. Thus, in the present invention, "amino acid 
5 residues with the same kind of charge" preferably means amino acid residues with a positive 
charge, or those with a negative charge. 

In the present invention, amino acid residues that form the contact surface are preferably 
modified to have the same kind of charge. Identical amino acids are more preferred among 
amino acid residues with the same kind of charge. For example, amino acid residues after 
10 modification may be lysine and arginine, more preferably the residues are two lysines or two 
arginines. 

When multiple amino acid residues are introduced by modification, the amino acid 
residues may include a few non-charged amino acid residues. 

There is no limitation as to the number of amino acid residues to be modified by the 

15 methods of the present invention. However, to avoid the reduction of binding activity to the 
antigen, preferably the number of amino acid residues modified is as few as possible. The 
above-mentioned "few" means, for example, about 1 to 10, preferably about 1 to 5, more 
preferably about 1 to 3, and still more preferably 1 or 2. 

In a preferred embodiment of the present invention, when an amino acid residue (X) that 

20 forms the contact surface in the original sc(Fv)2 is already a charged amino acid, or forms a 

hydrogen bond, an amino acid residue that comes close to amino acid residue (X) at association, 
and which corresponds to the amino acid residue (X) at association, is modified to an amino acid 
residue identical to amino acid residue (X) (or an amino acid residue with the same kind of 
charge as that of amino acid residue (X)) . In this embodiment, one of the amino acid residues 

25 that form the contact surface may be modified. 

In another preferred embodiment of the present invention, mutations are introduced at 
amino acid residues on the contact surface so that the modification of amino acid residues 
forming the contact surface of the variable regions in sc(Fv)2 allows the amino acid residues 
forming the hydrophobic core on the contact surface to become charged amino acid residues. 

30 In general, "hydrophobic core" refers to a part formed as a result of hydrophobic amino 

acid side chains assembling to the inner side of associated polypeptides. Hydrophobic amino 
acids include, for example, alanine, isoleucine, leucine, methionine, phenylalanine, proline, 
tryptophan, and valine and such. In addition, amino acid residues other than the hydrophobic 
amino acid residues (for example, tyrosine) may be involved in the formation of the hydrophobic 

35 core. Together with the hydrophilic surface in which side chains of hydrophilic amino acids are 
exposed outside, the hydrophobic core can be a driving force to promote association of 
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water-soluble polypeptides. When hydrophobic amino acids of two different domains are at the 
molecule surface and are exposed to water molecules, the entropy is increased, resulting in 
increase of free energy. Accordingly, the two domains associate with each other to decrease the 
free energy for stabilization, and thus hydrophobic amino acids on the contact surface are buried 
5 inside the molecule, forming the hydrophobic core. 

When amino acid residues forming the hydrophobic core which was formed by the 
association of polypeptides are modified to charged polar amino acids, the hydrophobic core 
formation would be inhibited, resulting in the inhibition of the polypeptide association. 
Similarly in sc(Fv)2, which is a polypeptide, the hydrophobic core is formed upon association of 

10 the variable regions. Thus, the association of the variable regions can be controlled by 
replacing these amino acid residues in the hydrophobic core with charged amino acids. 

By analyzing the desired sc(Fv)2 amino acid sequence, those skilled in the art can find 
out whether a hydrophobic core exists, where the core is formed (regions), and so on. 

Furthermore, knobs-into-holes technology can be used (Japanese Patent Kohyo 

15 Publication No. (JP-A) 2001-523971 (unexamined Japanese national phase publication 

corresponding to a non- Japanese international publication)) to promote a desirable association of 
amino acid residues that form the contact surface of the variable regions. The knobs-into-holes 
method is a method applicable to the present invention for introducing a specific and 
complementary interaction between the contact surfaces of the first and second polypeptides, 

20 which promotes heteromultimer formation and suppresses homomultimer formation (for 

example, introducing a residue containing a free thiol into both the first and second polypeptides 
at positions corresponding to the contact surfaces, so that a non-natural disulfide bond is formed 
between the first and second polypeptides). Knobs-into-holes is an already known technique to 
those skilled in the art. Those skilled in the art can suitably apply such a method to sc(Fv)2s. 

25 In addition, the above-described methods can also be used in combination. 

In general, three CDRs and four FR regions constitute the variable region. In a 
preferred embodiment of the present invention, amino acid residues to be "modified" can be 
suitably selected, for example, from amino acid residues in the CDRs or FR region. In general, 
modification of amino acid residues in the CDRs may sometimes result in reduction of the 

30 binding activity to antigens. Thus, although such amino acid residues to be "modified" are not 
particularly limited, it is preferable that they be suitably selected from the amino acid residues in 
the FR region. 

With respect to the desired sc(Fv)2 the association of which is to be controlled by the 
methods of the present invention, those skilled in the art can suitably know the types of amino 
35 acid residues that come close together on the contact surface of FR upon association. 

Such amino acid residues that come close together on the contact surface of FR upon 
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association include, for example, glutamine (Q) at position 39 (FR2 region) in VH and glutamine 
(Q) at position 38 (FR2 region) in VL facing (contacting) each other. Another preferred 
example include leucine (L) at position 45 (FR2) in VH and proline (P) at position 44 (FR2) in 
VL facing (contacting) each other. The numbering for these sites is based on the methods of 
5 Kabat et ah (Kabat EA et aL 1991. Sequence of Proteins of Immunological Interest. NIH). 

These amino acid residues are known to be highly conserved between human and mouse 
(J. Mol. Recognit. (2003) 16: 1 13-120). Thus, the association of variable regions of sc(Fv)2s 
other than the ones described in the Examples can also be controlled by modifying the amino 
acid residues corresponding to the amino acid residues listed above. 

10 Example of methods for increasing the content ratio of the single chain diabody type in 

an sc(Fv)2 having the arrangement of [variable region 1] (linker Invariable region 2] (linker 
2)[variable region 3] (linker 3)[variable region 4] are described below. 

When bivalent scFv type occurs in the sc(Fv)2, substitution mutations are introduced at 
the amino acid residues which form the contact surfaces of the variable regions to suppress the 

15 association between variable regions 1 and 2, and between variable regions 3 and 4, but not to 
suppress (to enhance) the association between variable regions 1 and 4, and between variable 
region 2 and 3. 

When structural isomers having a structure where variable regions 1 and 3 are 
associated and variable regions 2 and 4 are associated occur in the sc(Fv)2, substitution 
20 mutations are introduced at the amino acid residues that form the contact surfaces of the variable 
regions to suppress the association described above but not to suppress (to enhance) the 
association between variable regions 1 and 4, and the association between variable regions 2 and 
3. 

When structural isomers having a structure where variable regions 1 and 3 are 
25 associated occur in the sc(Fv)2, substitution mutations are introduced at the amino acid residues 
that form the contact surfaces of the variable regions to suppress the association described above 
but not to suppress (to enhance) the association between variable regions 1 and 4, and between 
variable regions 2 and 3. 

When structural isomers having a structure where variable regions 2 and 4 are 
30 associated occur in the sc(Fv)2, substitution mutations are introduced at the amino acid residues 
that form the contact surfaces of the variable regions to suppress the association described above 
but not to suppress (to enhance) the association between variable regions 1 and 4, and between 
variable regions 2 and 3. 

Alternatively, examples of methods for increasing the content ratio of the bivalent scFv 
35 type is described below in an sc(Fv)2 having the arrangement of [variable region 1 ] (linker 
Invariable region 2] (linker 2)[variable region 3] (linker 3)[variable region 4],. 
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When the single chain diabody type occurs in the sc(Fv)2, substitution mutations are 
introduced at the amino acid residues that form the contact surfaces of the variable regions to 
suppress association between variable regions 1 and 4, and between variable regions 2 and 3, but 
not to suppress (to enhance) the association between variable regions 1 and 2, and between 
5 variable region 3 and 4. 

When structural isomers having a structure where variable regions 1 and 3 are 
associated and variable regions 2 and 4 are associated occur in the sc(Fv)2, substitution 
mutations are introduced at the amino acid residues that form the contact surfaces of the variable 
regions to suppress the association described above but not to suppress (to enhance) the 
10 association between variable regions 1 and 2, and the association between variable regions 3 and 
4. 

When structural isomers having a structure where variable regions 1 and 3 are 
associated occur in the sc(Fv)2, substitution mutations are introduced at the amino acid residues 
that form the contact surfaces of the variable regions to suppress the association described above 

15 but not to suppress (to enhance) the association between variable regions 1 and 2, and between 
variable regions 3 and 4. 

When structural isomers having a structure where variable regions 2 and 4 are 
associated occur in the sc(Fv)2 form, substitution mutations are introduced at the amino acid 
residues that form the contact surfaces of the variable regions to suppress the association 

20 described above but not to suppress (to enhance) the association between variable regions 1 and 
2, and between variable regions 3 and 4. 

More specific examples are described below, but are not limited thereto. 
For example, for decreasing the percentage of the bivalent scFv type and increasing the 
percentage of the single chain diabody type in an sc(Fv)2 having the arrangement of [VH1] 

25 linker [VL2] linker [VH3] linker [VL4], for example, amino acid residues that form the contact 
surfaces of VH1 and VL2 are substituted with amino acid residues having the same kind of 
charge. Furthermore, amino acid residues that form the contact surfaces of VH3 and VL4 are 
substituted with amino acid residues having the same kind of charge, which are not repulsive to 
(preferably having affinity to) the amino acid residues introduced into VH1 and VL2. 

30 Alternatively, for example, the amino acid side chains forming the contact surface of VH1 and 
VL2 are substituted with larger side chains (knobs), and amino acid side chains forming the 
contact surface of VH3 and VL4 are substituted with smaller side chains (holes). Such a 
substitution allows a regulation such that the association between VH1 and VL2, and between 
VH3 and VL4 is suppressed, but the association between VH1 and VL4, and between VL2 and 

35 VH3 is not suppressed (enhanced). 

Alternatively, when decreasing the percentage of the single chain diabody type and 
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increasing the percentage of the bivalent scFv type in sc(Fv)2 having the arrangement of: [VH1] 
linker [VL2] linker [VH3] linker [VL4], for example, amino acid residues that form the contact 
surface of VH1 and VL4 are substituted with amino acid residues having the same kind of charge. 
Furthermore, amino acid residues that form the contact surface of VH3 and VL2 are substituted 
5 with amino acid residues with the same kind of charge, which are not repulsive to (preferably 
having affinity to) the amino acid residues introduced into VH1 and VL4. Moreover, for 
example, amino acid side chains that form the contact surface of VH1 and VL4 are substituted 
with larger side chains (knob), and amino acid side chains that form the contact surface of VH3 
and VL2 are substituted with smaller side chains (hole). Such a substitution allows a regulation 

10 such that the association between VH1 and VL4 is suppressed, but the association between VH1 
and VL2, and between VH3 and VL4 is not suppressed (enhanced). 

In a preferred embodiment of the present invention, the present invention provides 
methods for increasing the content ratio of specific structural isomers in sc(Fv)2 compositions, 
which comprise the step of substituting the following amino acids residues (1) and (2), or (3) and 

15 (4) with amino acid residues of the same kind of charge. 

(1) an amino acid residue in the VH of sc(Fv)2, which corresponds to the amino acid residue at 
position 39 in the heavy chain amino acid sequence 

(2) an amino acid residue in the VL of sc(Fv)2, which corresponds to the amino acid residue at 
position 38 in the heavy chain amino acid sequence 

20 (3) an amino acid residue in the VH of sc(Fv)2, which corresponds to the amino acid residue at 
position 45 in the heavy chain amino acid sequence 

(4) an amino acid residue in the VL of sc(Fv)2, which corresponds to the amino acid residue at 
position 44 in the heavy chain amino acid sequence 

The present invention also provides methods for increasing the content ratio of specific 
25 structural isomers in sc(Fv)2 compositions, which comprise the step of substituting a charged 
amino acid residue for an amino acid residue of either (1) or (2), or either (3) or (4). 

(1) an amino acid residue in the VH of sc(Fv)2, which corresponds to the amino acid residue at 
position 39 in the heavy chain amino acid sequence 

(2) an amino acid residue in the VL of sc(Fv)2, which corresponds to the amino acid residue at 
30 position 38 in the heavy chain amino acid sequence 

(3) an amino acid residue in the VH of sc(Fv)2, which corresponds to the amino acid residue at 
position 45 in the heavy chain amino acid sequence 

(4) an amino acid residue in the VL of sc(Fv)2, which corresponds to the amino acid residue at 
position 44 in the heavy chain amino acid sequence 

35 In human and mouse, the amino acid residues of (1 ) to (4) above are in general: ( 1 ) 

glutamine (Q), (2) glutamine (Q), (3) leucine (L), and (4) proline (P), respectively, but are not 
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limited thereto. Other amino acids equivalent to these may be used. For example, an amino 
acid corresponding to the amino acid residue at position 38 in the amino acid sequence of VL 
may be, for example, histidine (H) in human. Those skilled in the art can know the type of 
amino acid residue that corresponds to an amino acid residue at an arbitrary position by referring 
5 to previously published documents and such (for example, J. Mol. Recognit. (2003) 16: 
113-120). 

The isomerization of the structural isomers in sc(Fv)2 compositions, which is described 
below, can also be suppressed by substituting amino acid residues that form the contact surface 
of the heavy chain and light chain variable regions of sc(Fv)2 with charged amino acid residues. 

10 The present invention also provides methods for suppressing the isomerization of the structural 
isomers in sc(Fv)2 compositions, which comprise the step of substituting amino acid residues 
that form the contact surface of heavy chain and light chain variable regions of sc(Fv)2 with 
charged amino acid residues. A specific embodiment of the step of substituting amino acid 
residues that form the contact surface of heavy chain and light chain variable regions of sc(Fv)2 

15 with charged amino acid residues is described above. 

The present invention provides methods for controlling the ratio of structural isomers in 
sc(Fv)2 compositions by adjusting the lengths of two end linkers and/or middle linker of sc(Fv)2. 
In the present invention, the two end linkers are linkers 1 and 3, and the middle linker is linker 2, 
when sc(Fv)2 has the arrangement of [variable region 1] (linker Invariable region 2] (linker 

20 2)[variable region 3] (linker 3)[variable region 4], 

Specifically, the ratio of the single chain diabody type in sc(Fv)2 compositions can be 
increased by adjusting the length of two end linkers to 0 to 12 amino acids and the length of 
middle linker to 10 to 30 amino acids. Alternatively, the ratio of the bivalent scFv type in 
sc(Fv)2 compositions can be increased by adjusting the length of two end linkers to 12 to 30 

25 amino acids and the length of middle linker to 0 to 1 0 amino acids. 

Furthermore, the present invention provides methods for producing sc(Fv)2 
compositions in which the content ratio of the single chain diabody type is 80% or higher, 
preferably 90% or higher, and more preferably 95% or higher by adjusting the lengths of the two 
end linkers and/or the middle linker. Furthermore, the present invention provides methods for 

30 producing sc(Fv)2 compositions in which the content ratio of the bivalent scFv type is 80% or 
higher, preferably 90% or higher, and more preferably 95% or higher by adjusting the lengths of 
the two end linkers and/or the middle linker. 

Specifically, sc(Fv)2 compositions in which the content ratio of the single chain diabody 
type is 80% or higher can be produced by adjusting the length of two end linkers to 0 to 12 

35 amino acids, and the length of middle linker to 0 to 10 amino acids. Alternatively, sc(Fv)2 
compositions in which the content ratio of the bivalent scFv type is 80% or higher can be 
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produced by adjusting the length of two end linkers to 12 to 30 amino acids and the length of 
middle linker to 0 to 10 amino acids. 

The present invention also provides methods for identifying the structures of structural 
isomers in sc(Fv)2 compositions, which comprise the step of cleaving the linker portions of 
5 sc(Fv)2. 

Herein, the linker portion refers to a portion comprising a linker and its adjacent region. 
The adjacent linker region refers to a region consisting of 20 amino acids from the amino acid 
next to the linker up to the 20th amino acid towards the variable region side. Thus, the linker 
portion is a portion in which a region consisting of 20 amino acids is linked to each end of a 
10 linker. 

This method is relatively convenient than methods for analyzing single chain diabody 
and bivalent scFv types based on chromatography or such. Chromatography allows the 
separation of the structural isomers, but cannot identify the structures of separated sc(Fv)2. The 
method of the present invention allows the identification of structural isomers separated by 

15 chromatography or such. 

The single chain diabody type and bivalent scFv type are different in tertiary structure. 
Therefore, when any one of the three linker portions is cleaved by an enzyme or such, the 
products after cleavage differ between the single chain diabody type and bivalent scFv type. 

Specifically, when sc(Fv)2 has the arrangement of [variable region 1] (linker Invariable 

20 region 2] (linker 2)[variable region 3] (linker 3)[variable region 4], the cleavage in the portion of 
linker 1 or 3 does not result in the dissociation of the bivalent scFv type into two scFv units since 
the four variable regions are linked together via covalent or non-covalent bonds. However, the 
cleavage in the portion of linker 2 results in the dissociation of two scFv units: scFv comprising 
variable regions 1 and 2, and scFv comprising variable regions 3 and 4. The single chain 

25 diabody type does not dissociate into two units of scFv even when cleaved at any of the linker 
portions 1, 2, and 3 because the four variable regions are linked together via covalent or 
non-covalent bonds (see Fig. 4). 

Thus, when the bivalent scFv type is cleaved at any one of the three linker portions, it 
gives two types of products, one containing four variable regions and the other containing two 

30 variable regions. In contrast, when the single chain diabody type is cleaved at any one of the 
three linker portions, it only gives products containing four variable regions. 

As described above, it is possible to examine whether an sc(Fv)2 is of a single chain 
diabody type or bivalent scFv type by cleaving one of the linker portions of sc(Fv) with an 
enzyme or such, and comparing the resulting products after cleavage. Thus, the present 

35 invention provides methods for analyzing the types of the structural isomers in sc(Fv)2 
compositions, which comprise the step of cleaving the linker portions of sc(Fv). 
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Specifically, such methods comprise the steps of: 

(a) cleaving linker portions of sc(Fv) in sc(Fv)2 compositions; and 

(b) determining the molecular weight or structure of the products after cleavage. 

Generally, the linker portions of sc(Fv)2 are known to be sensitive to proteases and such, 
5 because the linker portions do not form a higher order structure (Hoedemaeker et a/., J Biol 
Chem. (1997) 272 : 29784-29789). The method for cleaving the linkers is not particularly 
limited, however cleavage by enzymes is preferred and cleavage by proteases is particularly 
preferred. Proteases to be used are not particularly limited. Any exopeptidase or 
endopeptidase can be used; however, endopeptidases are preferred for the purpose of cleaving 

10 linkers. Any endopeptidase, including serine protease, thiol peptidase, acidic protease, and 
metalloprotease, can be used. Those skilled in the art can suitably select an endopeptidase 
depending on the amino acid sequence and linker type. Such serine proteases include, for 
example, trypsin that specifically hydrolyzes the C terminal side of Arg or Lys residue and 
subtil i sin that non-specifically hydrolyzes proteins and peptides. Alternatively, thiol proteases 

15 such as pyroglutamate aminopeptidase that specifically hydrolyzes pGlu residue at the N 
terminus of proteins and peptides, and papain that non-specifically hydrolyzes proteins and 
peptides can be used. 

The number of linkers to be cleaved is not limited; however it is preferably one. 
Conditions for cleaving a single linker can be determined by methods known to those skilled in 

20 the art. 

Furthermore, the molecular weight or structure of the products after cleavage are 
preferably determined while retaining non-covalent bonds between the variable regions. For 
example, native PAGE and gel filtration can be used. 

All prior art documents cited herein are incorporated herein by reference in their 

25 entirety. 



Examples 

The present invention is specifically illustrated below using Examples, but it is not to be 
construed as being limited thereto. 

30 

[Example 1] Separation of structural isomers of VB22B sc(Fv)2, determination of their 
structures, and activity assay 

1-1. Preparation of anti-human Mpl antibody VB22B sc(Fv)2 

The anti-human Mpl antibody VB22B sc(Fv)2 was prepared as described in 
35 PCT/JP2004/1 8506 (International Patent Application WO2005/56604). Specifically, cDNA for 
the antibody variable region from mouse hybridoma VB22B producing anti-human Mpl antibody 
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was cloned. A DNA comprising the nucleotide sequence (SEQ ID NO: 3) having the 
arrangement of VH-linker sequence- VL-linker sequence- VH-1 inker sequence-VL-Flag tag 
sequence was prepared using the nucleotide sequence encoding the linker sequence 
(GlyGlyGlyGlySer)x3 (SEQ ID NO: 1) and the nucleotide sequence encoding a FLAG sequence 
5 (AspTyrLysAspAspAspAspLysXSEQ ID NO: 2). This DNA fragment was cloned into the 
expression vector pCXND3 to construct an expression vector for VB22B sc(Fv)2. This vector 
was introduced into CHO-DG44 cells, and thus a stably expressing cell line was prepared. 
Specifically, a mixture of the expression vector (25 ng) and 0.75 ml of CHO-DG44 cells (1 x 10 7 
cells/ml) suspended in PBS was cooled on ice for 10 minutes, and transferred into a cuvette. 

10 The mixture was then pulsed at 1 .5 kV and 25 jiFD using Gene Pulserll (BioRad). After 10 
minutes of recovery at room temperature, the cells treated by electroporation were added to 
CHO-S-SFMII medium (Invitrogen) containing 500 |ig/ml Geneticin (Invitrogen). Then, a 
VB22B sc(Fv)2-producing CHO cell line was established through selection. 

Then, the culture supernatant of this cell line was loaded onto a Macro-Prep Ceramic 

15 Hydroxyapatite Type I (Bio-Rad) column equilibrated with a 20 mM phosphate buffer (pH6.8), 
and VB22B sc(Fv)2 was eluted in a stepwise manner with 250 mM phosphate buffer (pH6.8). 
The eluted fraction was concentrated on an ultrafilter, and then fractionated by gel filtration 
chromatography using a HiLoad 26/60 Superdex 200 pg (Amersham Biosciences) column, and a 
fraction corresponding to the molecular weight range of about 40 kD to 70 kD was obtained. 

20 The fraction was loaded onto an Anti-Flag M2 Affinity Gel column ( Sigma- Aldrich) equilibrated 
with a 50 mM Tris-HCI buffer (pH7.4) containing 150 mM NaCl and 0.05% Tween 20. The 
absorbed antibody was eluted with 100 mM glycine-HCl (pH3.5). The eluted fraction was 
immediately neutralized with 1 M Tris-HCI (pH8.0), and loaded onto a HiLoad 26/60 Superdex 
200 pg (Amersham Biosciences) column for gel filtration chromatography. 20 mM acetate 

25 buffer (pH6.0) containing 150 mM NaCl and 0.01% Tween 80 was used in the gel filtration 
chromatography. 

1-2. Separation of structural isomers of VB22B sc(Fv)2 

VB22B sc(Fv)2 is an sc(Fv)2 comprising the sequence of 

30 VHi -linker- VL 2 -linker-VH3-linker-VL 4 . Therefore, depending on the combinations of Fv (a 
molecule in which VH and VL are non-covalently linked), there would be two types of structural 
isomers: the bivalent scFv type in which each set of VHi and VL 2 , and VH3 and VL4 form an 
Fv; and the single chain diabody type in which each set of VH] and VL 4 , and VH 2 and VL 3 form 
an Fv (Fig. 1). As a result of examining structural isomer separation of VB22B sc(Fv)2, the 

35 inventors succeeded in separating various structural isomers of VB22B sc(Fv)2 by using anion 
exchange chromatography MONO Q (Amersham Biosciences) under the following elution 
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conditions. 
<Elution conditions 
Mobile phase A: 20 mM Tris-HCl, pH 8.0 
Mobile phase B: 20 mM Tris-HCl, 500 mM NaCl, pH 8.0 
5 Flow rate: l.Oml/min 

Gradient: B0% -+ B35% (30 min) 

Under the conditions described above, VB22B sc(Fv)2 was separated into four peaks. 
The chromatogram shown in Fig. 2 was obtained. The peaks were named pre peak 1 , pre peak 
2, peak 1, and peak 2 starting from the peak with the shortest retention time. 

10 Sample solutions for peak 1 and peak 2 were introduced into Q-TOF mass spectrometer 

(Q Tof Ultima, Micro Mass) by infusion. Appended software (MassLynx) was used for a 
deconvolution of the obtained multivalent ion spectra (+). The result showed that the molecular 
weights were 541 1 5 Da for peakl, and 541 12 Da for peak 2. This suggests that the molecular 
weights for peak 1 and peak 2 are the same. 

15 Peak 1 and peak 2 were suggested to be structural isomers (conformational isomers) 

since VB22B sc(Fv)2 was not glycosylated and moreover, peak 1 and peak 2 had an identical 
amino acid primary structure but different tertiary structures that were separated by ion exchange 
chromatography. Previously published documents suggested the presence of such structural 
isomers; however, the finding described above allowed separation of structural isomers for the 

20 first time. 

1-3. Determination of the structures of the structural isomers of VB22B sc(Fv)2 
VB22B sc(Fv)2 is an sc(Fv)2 comprising the sequence of 

VHj -linker- VL2-linker-VH3-linker-VL4. Therefore, depending on the combinations of Fv (a 
25 molecule in which VH and VL are non-covalently linked), two types of structural isomers are 

predicted to exist: the bivalent scFv type in which each set of VHi and VL 2 , and VH 3 and VL 4 

forms a Fv; and the single chain diabody type in which each set of VHi and VL 4 , and VH 2 and 

VL 3 forms a Fv. Thus, peak 1 and peak 2 would be of those structural isomers described above. 
Through investigations described herein, a protease-based limited proteolysis method 
30 was found as an analytical method for identifying the two types of structural isomers. The 

linker portions of sc(Fv)2 are thought to have a relatively flexible structure and thus be less 

tolerant to proteases. Peak 1 , peak 2, and VB22B bulk (peak 1 :peak 2 = 1 :3) were reacted with 

subtilisin A, a type of protease, under the following conditions. 

<Reaction conditions> 
35 20 mM sodium citrate, 1 50 mM NaCl, pH 7.5 

VB22B sc(Fv)2 peak 1 or peak 2: 0.14 mg/ml 
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Subtilisin A: 1 ug/m 1 
37°C, 30 min 

Following the reaction described above, reducing SDS-PAGE was carried out using 
TrisGIycine SDS ge! (12%). As a result, VB22B bulk (prior to separating the structural 
5 isomers), peak 1 and peak 2 all showed the same band pattern (Fig. 3). A band specific to each 
fragment resulting from the cleavage of VB22B sc(Fv)2 at the three linker portions was obtained. 
This indicated that the linker portions of VB22B sc(Fv)2 can be partially and limitedly degraded 
using the above-described reaction conditions. 

As shown in Fig. 4, when cleavage occurs at one of the three linkers in the two types of 

10 structural isomers, in the non-denatured state, cleavage at any of the three linkers does not alter 
the apparent molecular weight in the structure of single chain diabody type in which VH and VL 
are non-covalently linked together. However, when cleavage at the middle linker of the 
bivalent scFv type occurs, molecular species with half the molecular weight is produced. Thus, 
VB22B sc(Fv)2 bulk, peak 1, and peak 2 after partial linker cleavage under the reaction 

15 conditions described above were analyzed by gel filtration chromatography using TSK 
Super2000 (TOSOH). Gel filtration chromatography was carried out using the following 
conditions: 

Mobile phase: DPBS(-) pH 7.4 
Flow rate: 0.2 ml/min 

20 As shown in Fig. 5, the result showed no low molecular weight antibody peak in peak 2, 

while a low molecular weight antibody peak (about one half of the original molecular weight) 
was found in peak 1 . VB22B sc(Fv)2 bulk, a mixture of peak 1 and peak 2, was also found to 
give a low molecular weight antibody peak with a level relevant to the abundance of peak 1 . 
Thus, peak 1 and peak 2 were identified as bivalent scFv type and single chain diabody type, 

25 respectively. 

This series of procedures enable the separation of structural isomers contained in 
VB22B sc(Fv)2 and identification of their structures. Previously published documents predict 
the structures of structural isomers based on model prediction. The present investigation 
discovered methods for identifying the structures of separated structural isomers. Furthermore, 
30 it allowed quantitative evaluation of the abundance ratio of the structural isomers - the bivalent 
scFv and single chain diabody structures contained in VB22B sc(Fv)2 - from the peak areas of 
ion exchange chromatography. 

1-4. Biological activity assay of the structural isomers of VB22B sc(Fv)2 
35 A document (Blood (2005) 1 05:562-566) has reported that anti-human Mpl antibody 

VB22B sc(Fv)2 exhibits a TPO-like agonistic activity. Thus, TPO-like agonistic activity of the 
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separated structural isomers was assessed using BaF3-human Mpl or BaF3-monkey Mpl that 
proliferate in a TPO-dependent manner. 

Ceils from each cell line were washed twice with RPMI 1640/1% FBS (fetal bovine 
serum) (Invitrogen), and then suspended in RPMI 1640/10% FBS to a concentration of 4 x 10 5 
5 cells/ml. Cell suspensions were aliquoted at 60 nl/well into a 96-weIl plate. Various 
concentrations of rhTPO (R&D) and samples of the structural isomers were prepared, and a 
40-jil aliquot was added into each well. The plates were then incubated at 37°C under 5% C0 2 
for 24 nr. Immediately after an addition of \Q-\x\ aliquot of WST-8 reagent (Cell Count Reagent 
SF; Nacalai Tesque) into each well, absorbance was measured at 450 nm (and at 655 nm as a 

10 control) using Benchmark Plus. After two hours of incubation, absorbance was measured at 
450 nm (and at 655 nm as a control) again. The WST-8 reagent changes colors at 450 nm in a 
color reaction that reflects the viable cell count. TPO-like agonistic activity was assessed using 
the change in absorbance during the two-hour incubation as an index. 

Purified structural isomers of VB22B sc(Fv)2 were assayed for their TPO-like agonistic 

15 activity using BaF3-human Mpl and BaF3-monkey Mpl. The results are shown in Fig. 6. The 
comparison of agonistic activities between the structural isomers of peak 1 and peak 2 revealed 
that peak 2 exhibits a significantly higher activity. This suggests that anti-Mpl antibody sc(Fv)2 
needs to form a single chain diabody structure in order to exert the TPO-like agonistic activity. 

20 [Example 2] Separation of structural isomers of hVB22B u2-wz4 sc(Fv)2, identification of their 
structures, and activity assay 

2-1. Preparation of humanized anti-human Mpl antibody hVB22B u2-wz4 sc(Fv)2 

Humanized antibodies were prepared by grafting a complementarity-determining region 
(hereinafter abbreviated as "CDR") into the framework regions (hereinafter abbreviated as "FR") 

25 of variable regions of VB22B sc(Fv)2 prepared in Example 1. Specifically, synthetic oligo 
DNAs of about 50 nucleotides were designed so as to make about 20 nucleotides available for 
hybridization. The synthetic oligo DNAs was also designed such that the resulting gene will 
have a nucleotide sequence (SEQ ID NO: 4) having the arrangement of 
VH- linker-sequence- VL-1 inker sequence- VH-1 inker sequence- VL, using a nucleotide sequence 

30 encoding the linker sequence (GlyGlyGlyGlySer)x3 (SEQ ID NO: 1). These synthetic oligo 
DNAs were assembled together by PCR to prepare the gene encoding the respective variable 
regions. To express the obtained gene in animal cells, an expression vector was constructed, the 
ceil line CHO-DG44 constitutive ly expressing the antibody was prepared, and culture 
supernatants were collected by the same method as that described in Example 1-1. The 

35 humanized antibody hVB22B u2-wz4 sc(Fv)2, which is not Flag-tagged, was purified from 
culture supernatants using a fusion protein of GST and MG 1 0 (Gln2 1 3 to Ala23 1 in the amino 
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acid sequence of human Mpl), which is an epitope recognized by VB22B sc(Fv)2. 

The MG10-GST fusion protein was purified using Glutathione Sepharose 4B 
(Amersham Biosciences) according to the supplier's protocol. Then, the purified MG10-GST 
fusion protein was immobilized onto a HiTrap NHS-activated HP Column (Amersham 
5 Biosciences) to prepare an affinity column, according to the supplier's protocol. The culture 
supernatant of CHO cells expressing the humanized antibody hVB22B u2-wz4 sc(Fv)2 was 
loaded onto the MG1 0-GST fusion protein-immobilized column. The adsorbed humanized 
antibody hVB22B u2-wz4 sc(Fv)2 was eluted with 100 mM glycine-HCl (pH3.5)/0.01% Tween 
80. Immediately after elution, the eluted fraction was neutralized with 1 M Tris-HCI (pH7,4), 
10 and was further subjected to gel filtration chromatography using a HiLoad 16/60 Superdex 200 
pg (Amersham Biosciences). 20 mM citrate buffer (pH7.5) containing 300 mM NaCl and 
0.01% Tween 80 was used in the gel filtration chromatography. 

2-2. Separation and purification of structural isomers of hVB22B u2-wz4 sc(Fv)2 

15 hVB22B u2-wz4 sc(Fv)2 is an sc(Fv)2 comprising the sequence of 

VHriinker-VL 2 -Hnker-VH3-Hnker-VL4. Therefore, as is the case of VB22B sc(Fv)2, 
depending on the combinations of Fv (a molecule in which VH and VL are non-covalently 
linked), there would be two types of structural isomers: the bivalent scFv type in which each set 
of VHi and VL 2 , anVH 3 and VL 4 form a Fv; and the single chain diabody type in which each set 

20 of VHi and VL 4 , and VH 2 and VL 3 form a Fv (Fig. 1). 

The separation of structural isomers of hVB22B u2-wz4 sc(Fv)2 was examined. The 
result suggested that various components of hVB22B u2-wz4 sc(Fv)2 can be separated using 
cation exchange chromatography BioAssist S (TOSOH) under the following elution conditions: 
Mobile phase A: 20 mM sodium phosphate, pH 7.5 

25 Mobile phase B: 20 mM sodium phosphate, 500 mM NaCl, pH 7.5 
Flow rate: 0.8 ml/min 
Gradient: B0% B35% (30 min) 

Under the conditions described above, hVB22B u2-wz4 sc(Fv)2 was separated into two 
peaks. The chromatogram shown in Fig. 7 was obtained. The peaks were named peak 1 and 

30 peak 2 starting from the peak with the shorter retention time. 

The molecular weights for peak 1 and peak 2 were determined using Q-TOF mass 
spectrometer (Q Tof Ultima, Micro Mass). Sample solutions were introduced into Q-TOF by 
infusion. Appended software (MassLynx) was used for deconvolution of the obtained 
multivalent ion spectra (+). The result showed that the molecular weights were 53768 Da for 

35 peak 1 , and 53769 Da for peak 2. Accordingly, the molecular weights for peak 1 and peak 2 
were found to be identical. 
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Peptide mapping for peak 1 and peak 2 was carried out. After reduction and 
denaturation followed by carboxymethylation, the samples were degraded into peptide fragments 
using trypsin, and peptide maps were obtained using reversed-phase chromatography 
(YMC-Pack-ODS). The peptide maps for peak 1 and peak 2 were compared, which revealed 
5 that the mapping patterns of peak 1 and peak 2 were identical, as shown in Fig. 8. Thus, the 
amino acid primary structures were found to be identical to each other. 

hVB22B u2-wz4 sc(Fv)2 was not glycosylated, and the molecular weights for peak 1 
and peak 2 were identical when determined by TOF-MASS. In addition, the mapping patterns 
for peak 1 and peak 2 were identical to each other. Accordingly, these findings show that peak 

10 1 and peak 2 are structural isomers (conformational isomers) having different tertiary structures. 
hVB22B u2-wz4 sc(Fv)2 is an sc(Fv)2 comprising the sequence of 
VHi-linker-VL 2 -Hnker- VH 3 -linker-VL 4 , as shown in Fig. 1 . Therefore, depending on the 
combinations of Fv (a molecule in which VH and VL are non-covalently linked), there would be 
two types of structural isomers; the bivalent scFv type in which each set of VHi and VL2, and 

15 VH3 and VL 4 forms a Fv ; and the single chain diabody type in which each set of VHi and VL 4 , 
and VH 2 and VL 3 forms a Fv. Thus, each of peak 1 and peak 2 would have the structure of 
either bivalent scFv type or single chain diabody type. 

A protease-based limited proteolysis method was found as an analytical method for 
identifying the two types of structural isomers. The linker portions of sc(Fv)2 are thought to be 

20 relatively flexible in their structures and thus be less tolerant to proteases. Peak 1 , peak 2, and 
hVB22B u2-wz4 sc(Fv)2 (peak 1 .peak 2 = 1 :4) were incubated with subtilisin A, a type of 
protease, under the following conditions: 
20 mM sodium citrate, 1 50 mM NaCl, pH 7.5 
hVB22B u2-wz4 sc(Fv)2 peakl or peak2: 0.15 mg/ml 

25 Subtilisin A: 10 |ag/ml 
37°C, 30 min 

After the reaction, reducing SDS-PAGE was carried out using 12.5% Phastgel 
Homogeneous. According to the result, all of hVB22B u2-wz4 sc(Fv)2 bulk, peakl, and peak2 
showed the same band pattern, as shown in Fig. 9. A band specific to each fragment that 

30 resulted from the cleavage of hVB22B u2-wz4 sc(Fv)2 at the three linker portions was obtained. 
This indicated that the linker portions of hVB22B u2-wz4 sc(Fv)2 can be degraded partially and 
limitedly using the reaction condition described above. 

As shown in Fig. 4, when cleavage occurs at one of the three linkers in the structures of 
bivalent scFv type and single chain diabody type, in the non-denatured state, cleavage at any of 

35 the three linkers does not alter the apparent molecular weight in the structure of single chain 
diabody type in which VH and VL are non-covalently linked together. However, when 
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cleavage at the middle linker of the bivalent scFv type occurs, molecular species with half the 
molecular weight are produced. Thus, hVB22B u2-wz4 sc(Fv)2 bulk, peak 1, and peak 2 after 
partial linker cleavage under the reaction conditions described above were analyzed by gel 
filtration chromatography using TSK Super2000 (TOSOH). Gel filtration chromatography was 
5 carried out under the following conditions: 
Mobile phase: DPBS(-) pH 7.4 
Flow rate: 0,2 ml/min 

As shown in Fig. 10, the result showed that there was no low molecular weight antibody 
peak in peak 2, while there was one in peak 1 (about one half of the original molecular weight), 
10 hVB22B sc(Fv)2 u2-wz4 bulk, a mixture of peak 1 and peak 2, was also found to give a low 
molecular weight antibody peak with a level relevant to the abundance of peak 1 . Thus, based 
on the result, peak 1 and peak 2 were identified as the bivalent scFv type and single chain 
diabody type, respectively. 

15 2-3, Binding activity assay of the structural isomers of hVB22B u2-wz4 sc(Fv)2 

The binding activities of hVB22B u2-wz4 sc(Fv)2, and peak 1 and peak 2 separated 
from hVB22B u2-wz4 sc(Fv)2 were evaluated as described below. Sensor Chip CM5 (Biacore) 
was placed in Biacore 3000 (Biacore), and a fusion protein of MG10 (Gln213 to Ala231 of 
human Mpl) and GST described in Section 2-1 was immobilized onto the chip by the 

20 amine-coupling method. HBS-EP Buffer (Biacore) was used as the running buffer for the 

measurement. The flow rate was 20 u,l/min. Six concentrations of each of humanized VB22B 
u2-wz4 sc(Fv)2 bulk, peak 1, and peak 2 within about 5 to 150 nM were prepared using HBS-EP 
Buffer. Each of the samples was injected over the above-described MGlO-immobilized cell for 
2 minutes to reveal the binding region. Then, the measurement was conducted for 2 minutes to 

25 reveal the dissociation region. VB22B sc(Fv)2 bound to the MG10-GST fusion protein was 
removed by injecting 20 mM HC1 for 1 minute to recover the immobilized cell. The 
association rate constant (ka) and dissociation rate constant (kd) were calculated from the 
obtained sensorgram using the BIAevaluation Version 3.1 (Biacore) software applying the 
bivalent analyte model. The result showed that the dissociation constants (KD) for hVB22B 

30 u2-wz4 sc(Fv)2 bulk, peak 1, and peak 2 were 1.02 x 10~ 8 M, 1.24 x 10~ 8 M, 9.92 x 10" 9 M, 
respectively, as shown in Table 1 . The two types of structural isomers were found to have 
comparable binding activities. 
Table 1 
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ka(l/Ms) [xl0<] 


kd(l/s) [xlO 3 ] 


KD(nM) 


VB22B peakl 


5.86 ±0.06 


7.27 ±0.25 


12.4±0.05 


VB22B peak2 


5.71±0.17 


5.66 ±0.24 


9.92 ±0.53 


VB22B bulk 


6.08±0.30 


6.17±0.23 


10.2 ±0.8 



2-4. Agonistic activity assay of structural isomers of hVB22B u2-wz4 sc(Fv)2 

Peak 1, peak 2, and hVB22B u2-wz4 sc(Fv)2 were evaluated for their agonistic 
5 activities. As shown in Fig. 1 1 , the agonistic activity was markedly different between the 

structural isomers. While peak 2 for the single chain diabody structure exhibited exceedingly 

high agonistic activity, the activity was extremely low in peak 1 for the bivalent scFv structure. 

The binding activity was comparable between the two types of structural isomers; however in 

contrast, their agonistic activities were significantly different. Neither separation nor 
10 identification of the structural isomers was carried out in previously published documents. The 

investigation described herein discovered for the first time that biological activities between the 

two types of the structural isomers differ. 

The separation of the structural isomers in hVB22B u2-wz4 sc(Fv)2 and identification 

of their structures can be carried out by this Example. Furthermore, the abundance ratio of the 
15 structural isomers each having the bivalent scFv structure or single chain diabody structure in 

hVB22B u2-wz4 sc(Fv)2 can be quantitatively analyzed based on chromatographic peak areas. 

The agonistic activity was found to be significantly different between the bivalent scFv structure 

and single chain diabody structure of hVB22B u2-wz4 sc(Fv)2. Standardization tests to 

determine properties of the two types of structural isomers of hVB22B u2-wz4 sc(Fv)2 and to 
20 quantitatively analyze the content ratio of each structural isomer are essential in the development 

of hVB22B u2-wz4 sc(Fv)2 comprising the structural isomers with significantly different 

activity as pharmaceuticals. 

[Example 3] Analysis of the abundance ratio of structural isomers of VB22B sc(Fv)2 with 

25 modified linkers and regulation of the ratio of structural isomers 
VB22B sc(Fv)2 is an sc(Fv)2 comprising the sequence of 
VHi-linker-VL2-linker-VH 3 -linker-VL4. Therefore, depending on the combinations of Fv (a 
molecule in which VH and VL are non-covalently linked), there would be two types of structural 
isomers: the bivalent scFv type in which each set of VHi and VL 2 , and VH 3 and VL 4 form a Fv; 

30 and the single chain diabody type in which each set of VHi and VL 4 , and VH 2 and VL 3 form a 
Fv. 

The linker in the middle is designated as the middle linker, and the linkers at the two 
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ends are designated as end linkers. Various VB22B sc(Fv)2 with the middle linker or end 
linkers of varying lengths were prepared as shown in Fig. 12, and the abundance ratio of the 
structural isomers was quantitatively analyzed under the following conditions: 
Column: MONO Q (Amersham biosciences) 
5 Mobile phase A: 20 mM Tris-HCl, pH 8.0 

Mobile phase B: 20 mM Tris-HCl, 500 mM NaCl, pH 8.0 

Flow rate: l.Oml/min 

Gradient: B0% -> B35% (30 min) 

As a result, as shown in Fig. 13, the two types of structural isomers with linkers of 
10 arbitrary lengths were separated by the analytical method described in Example 2, and the 

abundance ratio of the structural isomers was determined. It was found that the bivalent scFv 
type and single chain diabody type ratio can be controlled by linker length. The use of this 
analytical method enables the design of linkers with adequate linker lengths to obtain structural 
isomers at a desired ratio. 
15 Previously published documents were unable to quantitatively evaluate linker 

length-dependent abundance ratio of structural isomers since neither methods for identifying the 
structures of the two types of structural isomers nor quantitative analytical methods were 
available. Protein Engineering, (1 993) 6(8), 989-995, Protein Engineering, (1 994) 7(8), 
1027-1033, and other documents have reported that in general, an adjacent pair of VH and VL 
20 hardly forms a Fv when linker length is 1 2 or less. The investigation described herein revealed 
that when G5 or G10 was used, the single chain diabody type structure, in which the adjacent 
pairs of VH and VL have formed a Fv, was present, albeit in a small amount. Thus, the two 
types of structures (specifically, the structural isomers) are likely to exist irrespective of the type 
of linker. Quantitative analyses of the abundance ratio of structural isomers would thus be 
25 necessary to develop sc(Fv)2 type molecules as pharmaceutics when using any linker. This 
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suggests that the methods of separation and analysis of the present invention, which allow 
quantitative analysis of the abundance ratio of the structural isomers anc| separation and 

purification [of the isomers, are extremely useful in developing. sc(Fv)2 type pharmaceutical 

molecules. 

30 

[Example 4] Large scale purification of structural isomers using cation exchange 
chromatography (SOURCE 15S) 

hVB22B u2-wz4 sc(Fv)2 was purified from culture supernatant of hVB22B u2-wz4 
sc(Fv)2-expressing CHO cells used in Example 2-1 . The culture supernatant was diluted three 
35 times with purified water, and then was adjusted to pH 6.0 using l M acetic acid. Then, the 
resulting supernatant was loaded onto SP Sepharose Fast Flow column (Amersham Biosciences) 
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equilibrated with 20 mM sodium acetate buffer (pH 6.0). The column was washed with the 
same buffer, and then the polypeptide adsorbed onto the column was eluted with a linear gradient 
of 0 to 0.5 M NaCl in the same buffer (Step 1). The resulting fractions were analyzed by 
reducing SDS-PAGE using TrisGlycine SDS gel (12%). Fractions containing hVB22B u2-wz4 
5 sc(Fv)2 were collected. 

The hVB22B u2-wz4 sc(Fv)2 fraction in step 1 was loaded onto a hydroxyapatite 
column (type I, 20 urn; BIO-RAD) equilibrated with 10 mM phosphate buffer (pH 6.8). The 
column was washed with the same buffer. The concentration of the phosphate buffer (pH 6.8) 
was raised linearly up to 160 mM to elute the polypeptide adsorbed to the column (Fig. 14). 

10 Small elution peaks appeared after the main peak. SDS-PAGE analysis revealed that these 
peaks were all from hVB22B u2-wz4 sc(Fv)2. As shown in the right panel of Fig. 14, 
analytical gel filtration using a Superdex 200 PC 3.2/30 column (Amersham Biosciences) 
revealed that the main peak contained mostly hVB22B u2-wz4 sc(Fv)2 monomers and the latter 
peaks correspond to aggregate fractions for dimers and higher multimers of hVB22B u2-wz4 

15 sc(Fv)2. This indicates that the monomer fraction of hVB22B u2-wz4 sc(Fv)2 can be separated 
in this step. 

The monomer fraction for hVB22B u2-wz4 sc(Fv)2 obtained in step 2 was diluted five 
times with purified water, and then loaded onto SOURCE 15S column (Amersham Biosciences) 
equilibrated with 20 mM sodium phosphate buffer (pH 7.0). The column was washed with the 

20 same buffer. The NaCl concentration was increased linearly from 0 mM up to 36 mM in the 
same buffer. Then, the NaCl concentration was fixed at 36 mM to maximize the separation of 
the two peaks during elution. As shown in Fig. 1 5, after elution of the two peaks of h VB22B 
u2-wz4 sc(Fv)2, the NaCl concentration was raised again, the polypeptide more strongly 
adsorbed to the column was eluted, and the column was washed. Analysis using the BioAssist 

25 S column described in Section 2-2 revealed that, of these two peaks, the main peak to be eluted 
first is peak 2, and the one to be eluted next is peak 1 (Fig. 16). 

Both purified peak 1 and peak 2 for hVB22B u2-wz4 sc(Fv)2 were observed as single 
bands with a molecular weight of about 55 kDa in SDS-PAGE analyses using the 
above-described SDS gel under reducing and non-reducing conditions (Fig. 17). Furthermore, 

30 peak 1 and peak 2 for hVB22B u2-wz4 sc(Fv)2 each gave a single peak with apparent molecular 
weight of about 50 kDa in gel filtration chromatography analysis using the TSK Super2000 
column described in Sections 1-3 (Fig. 18). 

Thus, the present inventors succeeded in developing a method for purifying only the 
desired monomers of structural isomer of hVB22B u2-wz4 sc(Fv)2 without using gel filtration 

35 chromatography that is inadequate for large scale purification. 
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[Example 5] Preparation of VH/VL contact surface modified sc(Fv)2 type, and analysis and 

identification of structural isomers thereof 

5-1. Preparation of VH/VL contact surface modified sc(Fv)2 type 

Gin at position 39 of VH (at position 39 in the amino acid sequence of SEQ ID NO: 289 
5 shown in WO 2005/56604) and Gin at position 38 of VL (at position 43 in the amino acid 
sequence of SEQ ID NO: 291 in WO 2005/56604), which are the amino acids that form the 
VH/VL contact surface in hVB22B u2-wz4 sc(Fv)2 (hereinafter abbreviated as u2-wz4) prepared 
in Example 2, were modified by the following procedure. u2-wz4 has the arrangement of: 
[VH1] linker [VL2] linker [VH3] linker [VL4], which are linked with the amino acid linker 
10 sequence (GlyGlyGlyGlySer)x3 (SEQ ID NO: 1 )), and transcribed and translated from the 
nucleotide sequence of SEQ ID NO: 4. First, modified h VB22B u2- wz4(v 1 ) sc(Fv)2 gene 
(hereinafter abbreviated as vl; the nucleotide sequence is shown in SEQ ID NO: 5; the amino 
acid sequence is shown in SEQ ID NO: 6) with the following modifications was prepared. 
Substitution with: 

15 Glu (genetic codon: GAG) for Gin (genetic codon: CAG) at position 39 in VH1 ; 
Glu (genetic codon: GAG) for Gin (genetic codon: CAG) at position 38 in VL2; 
Lys (genetic codon: AAG) for Gin (genetic codon: CAG) at position 39 in VH3, and Lys (genetic 
codon: AAG) for Gin (genetic codon: CAG) at position 38 in VL4. Furthermore, modified 
hVB22B u2-wz4(v3) sc(Fv)2 gene (hereinafter abbreviated as v3; the nucleotide sequence is 

20 shown in SEQ ID NO: 7; and the amino acid sequence is shown in SEQ ID NO: 8) with the 
following modifications was prepared. 
Substitution with: 

Glu (genetic codon: GAG) for Gin (genetic codon: CAG) at position 39 in VH1 ; 
Lys (genetic codon: AAG) for Gin (genetic codon: CAG) at position 38 in VL2; 

25 Lys (genetic codon: AAG) for Gin (genetic codon: CAG) at position 39 in VH3, 

and Glu (genetic codon: GAG) for Gin (genetic codon: CAG) at position 38 in VL4. The 
modification of the gene was carried out by introducing point mutations using QuikChange 
Site-Directed Mutagenesis Kit (STRATAGENE) according to the manufacturer's protocol. 
After determination of the nucleotide sequence of each gene, the resulting DNA fragments were 

30 cloned into the expression vector pCXND3 to construct expression vectors. These vectors were 
introduced into CHO-DG44 cells, and thus cell lines stably expressing the DNA fragments were 
prepared. Specifically, the expression vectors (20 jig) were combined with 0.75 ml of 
CHO-DG44 cells (I x I0 7 cells/ml) suspended in PBS. The resulting mixtures were cooled on 
ice for 10 minutes, and transferred into cuvettes. The mixtures were then pulsed at 1 .5 kV and 

35 25 uJFD using Gene Pulser Xcell (BioRad) . After 1 0 minutes of recovery at room temperature, 
the cells treated by electroporation were added to CHO-S-SFMII medium (Invitrogen) 
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containing 500 ng/ml Geneticin (Invitrogen). Then, vl -producing CHO cell line and 
v3-producing CHO cell line were established through selection. 

The VH/VL contact surface-modified sc(Fv)2 type are not Flag-tagged. Thus, the 
antibodies were purified from culture supernatants using a fusion protein of GST with MG10 
5 (Gln213 to Ala231 in the amino acid sequence of human Mpl) which is an epitope recognized by 
VB22B sc(Fv)2. The MG10-GST fusion protein was purified using Glutathione Sepharose 4B 
(Amersham Biosciences) according to the manufacturer's protocol. Furthermore, an affinity 
column was prepared by immobilizing the purified MG10-GST fusion protein onto HiTrap 
NHS-activated HP (Amersham Biosciences) according to the manufacturer's protocol. A 

10 culture supernatant of vl-expressing CHO cell line or v3-expressing CHO cell line was loaded 
onto MG10-GST fusion protein-immobilized column to adsorb vl or v3. Elution was carried 
out using 100 mM Glycine-HCl (pH 3.5)/0.01% Tween80. The elution fractions were 
immediately neutralized with 1 M Tris-HCl (pH 7.4). The monomer molecules was purified by 
gel filtration chromatography using HiLoad 16/60 Superdex200pg (Amersham Biosciences). 

15 The buffer used in the gel filtration chromatography was 20 mM citrate buffer (pH 7.5)/300 mM 
NaCl/ 0.01% Tween 80. The result of gel filtration chromatography shown in Fig. 19 revealed 
that, modified forms vl and v3 in culture supernatants has a decreased proportion of aggregates 
that are dimer or higher multimers. However, the monomer ratios for vl (89%) and v3 (77%) 
were increased in comparison with that of u2-wz4 before modification (59%). The 

20 modification of Amino acids on the VH/VL contact surface in the modified forms of vl and v3 
are inferred to have inhibited unfavorable association due to the electrostatic repulsion and 
enhanced favorable association. As described above, the inventors succeeded in efficiently 
expressing monomer molecules by controlling the association. 

25 5-2. Analysis and identification of structural isomers of modified VH/VL contact surface sc(Fv)2 
type 

The obtained modified VH/VL contact surface form, vl and v3, and the original form 
u2-wz4 were analyzed for the abundance ratio of the structural isomers by cation exchange 
chromatography and isoelectrofocusing. Furthermore, structural identification was carried out 
30 using the protease-based limited proteolysis method. 

Cation exchange chromatography was performed as described below. 
Column: TSK-gel Bioassist S; 4.6 mm<|> x 50 mm (TOSOH) 
Flow rate: 0.8 ml/min 
Detection wavelength: 220nm 
35 Elution conditions: 

Eluent A : 20 mmol/1 Phosphate buffer (pH 7.0) 
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Eluent B : 20 mmol/1 Phosphate buffer / 500 mmol/1 NaCl (pH 7.0) 



Gradient: 

Time (min) B% 

0 0 

5 5 0 

25 30 

25.1 100 

35 100 

35.1 0 



10 Isoelectric focusing was carried out as described below. PhastGel Dry IEF gel 

(Amersham Biosciences) was swollen in the gel swelling buffer described below for 30 minutes 
or longer. Samples were added to the pre-swollen gel, and electrophoresed using PhastSystem 
under the following electrophoresis conditions. After electrophoresis, the gel was soaked in 
20% TCA solution for 30 minutes, and then washed three times or more with milliQ water, for 5 
15 minutes each. The gel was stained by Coomassie or silver staining depending on the protein 
concentrations of the samples. Coomassie staining was carried out using 0.02% CBB 
containing 0.1% CuS0 4 (w/v) as the staining solution, and de-staining was carried out using 30% 
methanol containing 10% acetic acid. Silver staining was carried out using Silver Stain kit, 
Protein (Amersham Biosciences) according to the standard protocol appended to the kit. 
20 <Gel swelling solution> 

Pharmalyte 8.5-10 80 ul 

Biolyte7-9 10|ii 
Biolyte 3-9 10 uJ 

20% Glycerol 2.0 ml 
25 Electrophoresis program> 

SAMPLE APPLICATION DOWN AT step2 0 Vh 

SAMPLE APPLICATION UP AT step3 0 Vh 

Stepl 2000 V 2.5 mA 3.5 W 15°C 75 Vh 

Step 2 200 V 2.5 mA 3.5 W 15°C 15 Vh 

30 Step 3 2000 V 2.5 mA 3.5 W 15°C 410 Vh 

The structural identification using protease-based limited proteolysis method was 
performed under the condition indicated below. Each of purified u2-wz4 peak 1 and peak 2, 
and modified forms vl and v3 was reacted with subtilisin A under the following conditions: 
20 mM sodium citrate, 150 mM NaCl, pH 7.5 
35 hVB22B u2-wz4 sc(Fv)2 peak 1 or peak 2:0.15 mg/ml 

Subtilisin A: 10 ng/ml 
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37°C, 30 min 

The resulting reaction solution was analyzed by gel filtration chromatography under the 
following conditions: 

Column: TSKgel Super2000sw (TOSOH) 
5 Eluent: 50 mM sodium phosphate, 300 mM KC1, pH 7.0 

Flow rate: 0.2 ml/min 
Detection: 220 nm 

The results of analyses of structural isomers using cation exchange chromatography and 
isoelectric focusing, which are shown in Figs. 20 and 21, revealed that 100% of the modified 

10 form v 1 was expressed as a structural isomer of the single chain diabody type and 1 00% of the 
modified form v3 was expressed as a structural isomer of the bivalent scFv type whereas u2-wz4 
expressed a mixture of the two structural isomers which contain bivalent scFv type (24%) and 
single chain diabody (76%). As shown in Fig. 22, the result of protease-based limited 
proteolysis also revealed that alike purified u2-wz4 peak 1, the modified form v3 gave a low 

15 molecular weight antibody peak whereas modified form vl gave no low molecular weight 

antibody peak as in the purified u2-wz4 peak 2. This shows that modified form vl is expressed 
as a structural isomer of the single chain diabody type while modified form v3 is expressed as a 
structural isomer of the bivalent scFv type. 

20 [Example 6] Activity assay and stability assay of the VH/VL contact surface-modified sc(Fv)2 
6-1. Biological activity assay of sc(Fv)2 with modified VH/VL contact surface 

Forms vl and v3 with modified VH/VL contact surface were assayed for their agonistic 
activity by the method shown in Example 1 . The agonistic activity was markedly different 
between the structural isomers. As shown in Fig. 1 1, peak 2 with the single chain diabody 

25 structure exhibited very high agonistic activity while the activity of peak 1 with the bivalent scFv 
structure was extremely low. As shown in Fig. 23, the activity of modified form vl was 
comparable to that of peak 2 and the activity of modified form v3 was comparable to that of peak 
1 . This finding in terms of the biological activity also demonstrates that the modified form vl 
has a single chain diabody structure, and the modified form v3 has a bivalent scFv structure. 

30 

6-2. Stability assay of sc(Fv)2 with modified VH/VL contact surface 

To evaluate the stability of purified u2-wz4 peak 1 and peak 2, and the modified forms 
vl and v3, denaturation temperature (Tm) was measured by differential scanning calorimetry 
under the following conditions: 
35 DSC: N-DSCII (Applied Thermodynamics) 

Solution: 20 mM sodium citrate, 300 mM NaCl, pH 7.0 
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Protein concentration: 0.1 mg/ml 
Scanning speed: l°C/min 
Results of each DSC measurement are shown in Fig. 24. Tm values of the purified 
u2-wz4 peak 2 and the modified form vl are comparable to that of the original form, suggesting 
5 that their stabilities are comparable to each other. The stability of the modified form v3 was 
slightly lower than that of purified u2-wz4 peak 1 . It has been reported that regulating the 
contact surface by methods using knobs- into-hole technology markedly lowers the Tm value, 
thereby reducing the stability (Acta Pharmacologica Sinica, 2005, 26, 649-658). For example, 
Tm value of the original CH3 domain is 80.4°C when using this method, while Tm of the 
10 modified CH3 domain is 69,4°C in heterologous association of CH3 domain of IgG In contrast, 
the present invention allowed regulation of the association without reducing the stability. 

Next, the stability of purified u2-wz4 peak 1 and peak 2, and the modified form vl and 
v3 with modified VH/VL contact surface, were evaluated by heat acceleration test under the 
following conditions. 
15 <Conditions of heat acceleration> 

Solution: 20 mM sodium citrate, pH 6.0 
Protein concentration: 0.25 mg/ml 
Acceleration condition: 40°C -6 days, 12 days 

Samples treated by heat acceleration were analyzed by gel filtration chromatography 
20 and cation exchange chromatography under the conditions described below. 

As shown in Fig. 25, the result of gel filtration chromatography analysis confirmed that 
the percentages of residual monomer were comparable between purified u2-wz4 peak 2 and the 
modified form vl, and thus the stability in association was comparable between the two. 
Furthermore, the percentage of residual monomer was almost the same between the purified 
25 u2-wz4 peak 1 and the modified form v3, confirming that the association stability is comparable 
between the two structural isomers. 

As shown in Fig. 26, the result of cation exchange chromatography analysis showed that 
neither form vl nor form v3 with modified VH/VL contact surface has undergone isomerization 
even after heating acceleration. In contrast, purified peak 1 of the original form isomerized to 
30 peak 2 and purified peak 2 of the original form isomerized to peak 1 through isomerization 
reaction. It was found that in addition to allowing expression of only one of the two types of 
structural isomers at 100%, each obtained structural isomer can be stably preserved without 
isomerization, by applying the modification of the VH/VL contact surface. 

In this example, it was found that only one of the two types of structural isomers can be 
35 expressed at the rate of 100% through such modification of VH/VL contact surface applied for 
vl and v3. As for controlling the VH/VL contact surface to obtain single chain antibodies 
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having the desired structure, method for controlling the structure of bispecific diabodies using 
knobs- into-hole technology (Protein Sci. 1997 Apr. 6(4):781-8, Remodeling domain interfaces to 
enhance heterodimer formation., Zhu Z, Presta LQ Zapata Q Carter P.) is known. This method 
reports that the rate of formation of the target heterodimer structure increased from 72% to up to 
5 92% through modification of a total of four amino acids per VH/VL contact surface. 

Meanwhile, the present invention succeeded in obtaining desired structures at the rate of 100% 
without reducing thermal stability and stability of the structural isomers by modifying four 
amino acids (two amino acids per VH/VL contact surface). 

10 [Example 7] Separation of structural isomers of humanized anti-human IL-6 receptor antibody 
sc(Fv)2 and identification of their structures 

7-1. Preparation of humanized anti-human IL-6 receptor antibody sc(Fv)2 

An sc(Fv)2 gene (the amino acid sequence, SEQ ID NO: 18; the nucleotide sequence, 

SEQ ID NO: 19) having the arrangement of VH-linker sequence- VL-linker sequence-VH-linker 
15 sequence- VL was linked using a gene encoding the linker sequence (GlyGlyGlyGlySer)x3 (SEQ 

ID NO: 1) was prepared using the VH and VL of humanized anti-human IL-6 receptor antibody 

reported by Sato K. et al (Cancer Research (1993) 53:851-856). The obtained gene was 

inserted into the expression vector pMCDN to express the gene in animal cells. The vector 

construction procedure for the vector pMCDN is described below. The enhancer and promoter 
20 of mouse cytomegalovirus (mCMV), and the late polyadenylation site of simian virus 40 (SV40) 

were inserted into vector pUC 1 9 and was named pMC. Next, DHFR-AE-rVH-PM 1 -f (see WO 

92/ 19759) was digested at EcoRl and Smal restriction sites to separate the antibody H chain 

gene from the vector. After recovery of the vector alone, an EcoRl-Notl-BamUl adaptor 

(Takara Shuzo Co. Ltd.) was cloned into the vector. This vector was named pCHOI. The 
25 DHFR gene expressing region of pCHOI and the expression region of the Neomycin resistance 

Comment [MH3]: 

***WV^L*Lfc»*, WIRSKSB* 

at room temperature, the cells treated by electroporation were suspended in 40 ml of 



gene||of pCXN (Niwa et a/., Gene (1991) 108 : 1 193-200) were inserted into the pMC vector. 
This vector was named pMCDN. The constructed expression vector for the humanized 
anti-human IL-6 receptor antibody sc(Fv)2 was linearized using restriction enzymes, and then 
introduced into CHO-DG44 cells by gene transfer. Thus, an antibody-expressing cell line was 
30 established. 

The cell line stably expressing the antibody was prepared by the procedure described 
below. Gene transfer to cells was achieved by electroporation using GenePulserXcell 
(Bio-Rad). Each antibody expression vector was mixed with 0.75 ml of CHO cells suspended 
in PBS (l x 10 7 cells/ml). After being cooled on ice for 10 minutes, the mixtures were 
35 transferred into cuvettes and then pulsed at l .5 kV and 25 jaFD. After 10 minutes of recovery 
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CHO-S-SFMII medium (Invitrogen) supplemented with lx HT supplement (Invitrogen). The 
cell suspensions were diluted 10 to 50 times with the same medium, and the resulting dilutes 
were aliquoted at 100 ul/well into wells of 96-well culture plates. The cells were incubated in a 
C0 2 incubator (5% C0 2 ) for 24 hours, and then Geneticin (Invitrogen) was added at a 
5 concentration of 0.5 mg/ml. The cells were then cultured for 2 weeks. Colonies of drug 
resistant transformant cells were successively scaled-up, and the high-producing cell lines 
established were cultured on a large scale to obtain culture supernatants. 

Utilizing the fact that the L chain of humanized anti-human IL-6 receptor antibody 
binds to Protein L, culture supernatants of CHO cells expressing the humanized anti-human IL-6 

10 receptor antibody sc(Fv)2 were loaded onto a column filled with Protein L (Actigen) to adsorb 
the humanized anti-human IL-6 receptor antibody sc(Fv)2. The antibody was eluted with 100 
mM Glycine-HCl (pH 2.7). The eluted fractions were immediately neutralized with 1 M 
Tris-HCl (pH 8.5), and loaded onto a HiLoad 26/60 Superdex 200 pg (Amersham Biosciences) 
column for gel filtration chromatography. Dulbecco PBS was used in the gel filtration 

15 chromatography. 

7-2. Separation and purification of the structural isomers of humanized anti-human IL-6 receptor 
antibody sc(Fv)2 

The humanized anti-human IL-6 receptor antibody sc(Fv)2 is an sc(Fv)2 comprising the 

20 sequence of VHj -linker- VL 2 -linker-VH 3 -linker-VL 4 . Therefore, as is the case of VB22B in 
Example 1 and hVB22B in Example 2, depending on the combinations of Fv (a molecule in 
which VH and VL are non covalently linked), there would be two types of structural isomers of 
sc(Fv)2: the bivalent scFv type in which each set of VHj and VL 2 , and VH 3 and VL 4 form a Fv; 
and the single chain diabody type in which each set of VHj and VL 4 , and VH 2 and VL 3 (Fig. 1) 

25 form a Fv. The inventors investigated the separation of the structural isomers of humanized 
anti-human IL-6 receptor antibody sc(Fv)2, and as a result succeeded in separating the structural 
isomers of humanized anti -human IL-6 receptor antibody sc(Fv)2 by cation exchange 
chromatography using BioAssist S (TOSOH) under the following elution conditions. 
<Elution conditions> 

30 Mobile phase: 20 mM Tris-HCl, pH 8.5, 75 mM NaCl 
Flow rate: 0.8 ml/min 
Gradient: isocratic (without gradient) 

Under the conditions described above, the humanized anti-human IL-6 receptor 
antibody sc(Fv)2 was separated into two peaks. The chromatogram shown in Fig. 27 was 

35 obtained. The peaks with short and long retention time were named peak 1 and peak 2, 

respectively. Peak 1 and peak 2 can be purified by the method described above. The result of 
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cation exchange chromatography analysis of purified peak 1 and peak 2 is shown in Fig. 28, 

7-3. Identification of structural isomers of humanized anti-human IL-6 receptor antibody sc(Fv)2 
Since the fractionated Peak 1 and peak 2 of the humanized anti-human IL-6 receptor 
5 antibody sc(Fv)2, were considered to be structural isomers, the same protease-based limited 
proteolysis method as used in Examples, 1, 2, and 3 was used as an analytical method for 
identifying the two types of structural isomers. Peak 1 and peak 2 of the humanized anti-human 
IL-6 receptor antibody sc(Fv)2 were reacted with Subtilisin under the following conditions: 
PBS (pH 7.4) 

10 humanized anti-human IL-6 receptor antibody sc(Fv)2 peak 1 or peak 2: 0.05 mg/ml 
Subtilisin A: 0.5 ng/ml 
37°C, 60 min 

Following the incubation described above, reducing SDS-PAGE was carried out using 
12.5% Phastgel Homogeneous. According to the result, peak 1 and peak 2 both showed the 
15 same band pattern, as shown in Fig. 29. Peak 1 and peak 2 after partial linker cleavage under 
the reaction condition described above were analyzed by gel filtration chromatography using 
TSK Super2000 (TOSOH) under the following conditions: 
Mobile phase: 50 mM sodium phosphate, 300 mM KC1, pH 7.0 
Flow rate: 0.2 ml/min 

20 As shown in Fig. 30, the result showed that peak 1 gave no low molecular weight 

antibody peak, while peak 2 did (a low molecular weight antibody peak of about one half of the 
original molecular weight). According to the result described above, peak 1 and peak 2 were 
thus identified as the single chain diabody and bivalent scFv types, respectively. Fig. 27 
indicates that the content of peak 2 is greater than that of peak I in the humanized anti-human 

25 IL-6 receptor antibody sc(Fv)2, and therefore the bivalent scFv type is the major component and 
the single chain diabody type is the minor component in the humanized anti-human IL-6 receptor 
antibody sc(Fv)2. In VB22B sc(Fv)2 of Example 1 and hVB22B u2-wz4 sc(Fv)2 of Example 2, 
the single chain diabody type was the major component. Separating structural isomers and 
identifying their structures would be important when sc(Fv)2s are developed as pharmaceuticals, 

30 because the content ratio of a structural isomer greatly varies depending on the differences in the 
sequences of variable regions in sc(Fv)2. 

[Example 8] Activity assay of the structural isomers of humanized anti-human IL-6 receptor 
antibody sc(Fv)2 

35 8-1. Establishment of BaF3 cell line coexpressing human gpl30-expressing BaF3 cell line and 
human gp!30/human IL-6 receptor 



As described below, a human gpl30-expressing BaF3 cell line was established to obtain 
a cell line that proliferates in an IL-6 dependent manner. 

A full-length human gpl30 cDNA (Hibi et ai 9 Cell (1990) 63: 1 149-1 157 (GenBank 
Accession No. NM_002184)) was amplified by PCR, and cloned into the expression vector 
5 pCOS2Zeo to construct pCOS2Zeo/gpl 30. The expression vector pCOS2Zeo was constructed 
by removing the DHFR gene expressing region from pCHOI (Hirata et al., FEBS Letter (1994) 
356:244-248) and the expression region of Zeocin resistance gene was inserted. 

Ten ^ig of pCOS2Zeo/gpl30 was mixed with BaF3 cells (0.8 x 10 7 cells) suspended in 
PBS, and the mixture was pulsed at 0.33 kV and 950 nFD using Gene Pulser (Bio-Rad). BaF3 
10 cells treated by electroporation for gene transfer were cultured in RPMI 1 640 medium 

(Invitrogen) including0.2 ng/ml mouse interleukin-3 (Peprotech) and 10% Fetal Bovine Serum 
(hereinafter abbreviated as FBS; HyClone) for a day and night. RPMI 1640 medium containing 
100 ng/ml human interleukin 6 (R&D), 100 ng/ml soluble human interleukin 6 receptor (R&D 
systems), and 10% FBS was added for selection. Thus, a human gpl30-expressing BaF3 cell 
15 line (hereinafter abbreviated as BaF3/gpl30) was established. 

8-2. Human IL-6-neutralization activity assay of the structural isomers of humanized anti-human 
IL-6 receptor antibody sc(Fv)2 

IL-6-neutralization activity was assayed as described below using BaF3/gpl30 that 

20 proliferates in an IL-6 dependent manner. Purified structural isomers of humanized anti-human 
IL-6 receptor antibody sc(Fv)2 were diluted to 10 |ag/ml using RPMI 1640 containing 10% FBS. 
A 3-fold dilution series (3, 6, 9, 12, 15 and 18 times), were prepared using each of these solutions, 
and a 50-jal aliquot was added to each well of 96-well plates (FALCON). Next, BaF3/gpl 30 
were washed three times with RPMI 1640 medium containing 10% FBS (HyClone), and then 

25 suspended at 5 x 10 4 cells/ml in RPMI 1640 medium including 60 ng/ml human interleukin-6 

(R&D systems), 60 ng/ml soluble human IL-6 receptor (a preparation of the inventors' company), 
and 10% FBS. A 50-^1 aliquot of these was added to the antibody sample in each well. The 
soluble human IL-6 receptor was prepared by the procedure described below. A gene encoding 
the amino acids from position 1 to 344 of soluble human IL-6 receptor (Yamasaki et al., Science 

30 ( 1 988) 24 1 : 825-828 (GenBank No.X 12830)) was introduced into CHO cells, and then the 
receptor was purified from the culture supernatants for preparation. 

After 72 hours of culturing at 37°C and with 5% C0 2 , 20 ^1 of WST-8 reagent (Cell 
Counting Kit-8; DOJINDO LABORATORIES) diluted two folds with PBS was added to each 
well. Immediately after that, absorbance at 450 nm (reference wavelength: 620 nm) was 

35 measured using SUNRISE CLASSIC (TECAN). After two hours of culture, absorbance at 450 
nm (reference wavelength: 620 nm) was measured again and the IL-6 neutralization activity was 
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evaluated using the absorbance change during the two hours as an index. 

As shown in Fig. 31, the neutralization activities of the structural isomers (peak 1 and 
peak 2) of humanized anti-human IL-6 receptor antibody sc(Fv)2 were comparable to those of 
the purified samples (bulk) before fractionation. The activity was found to be markedly 
5 different between the two types of structural isomers of VB22B sc(Fv)2 in Example 1 and the 
same of hVB22B sc(Fv)2 in Example 2. There was no difference in the neutralization activity 
between the two types of isomers of the humanized anti-human IL-6 receptor antibody sc(Fv)2 
of this present Example. Thus, the activity difference between the two types of structural 
isomers of sc(Fv)2 would vary depending on the type of target antigen and the amino acid 

10 sequence of the sc(Fv)2 molecule. For this reason, to develop sc(Fv)2 molecules as 

pharmaceuticals, separation of the structural isomers, structural identification, and regulation of 
the structural isomers are considered important. As described in Example 6, each structural 
isomer can undergo isomerization during storage. Therefore, separation and identification of 
the structural isomers, and regulation of the structural isomers are also important from the view 

15 point of quality standardization of sc(Fv)2 preparations. 

[Example 9] Method for obtaining single chain diabody of VB22B sc(Fv)2 with a high yield 
Each of the single chain diabody (peak 2) and bivalent scFv (peak 1) purified from 
VB22B sc(Fv)2 was incubated at 40°C with the conditions of 20 mM sodium acetate/ 1 50 mM 

20 NaCl (pH 6.0). The ratio of peak 1 and peak 2 was determined by the anion exchange 

chromatography method described in Example 1 . The result showed that the peak area of peak 
1 decreased, and in turn the peak area of peak 2 increased, as shown in Fig. 32. The agonistic 
activity of the sample prepared by incubating peak 1 for 6 days under the same condition was 
assayed by the method described in Example 1 . As shown in Fig. 33, the agonistic activity 

25 drastically increased as compared to the sample before incubation. As described in Example 1, 
the activity of peak 1 was significantly lower than that of the single chain diabody peak 2. Thus, 
the bivalent scFv peak 1 was found to undergo structure conversion (the structural isomer 
isomerizes) to become peak 2 of the single chain diabody with higher activity through incubation 
in 20 mM sodium acetate/1 50mM NaCl (pH 6.0) at 40°C. Thus, the finding described above 

30 showed that the content ratio of peak 2 can be increased by exposing a mixture of the bivalent 
scFv and single chain diabody at appropriate conditions which allows the conversion of the 
bivalent scFv of peakl into the single chain diabody of peak2. By using the method of 
isomerizing peak 1 to peak 2, the single chain diabody of peak 2 can be prepared with a high 
yield by isomerizing peak 1 to peak 2 in a mixture in which peak 1 and peak 2 had been 

35 produced by the cells. 
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[Example 10] Method for obtaining single chain diabody type of hVB22B sc(Fv)2 with a high 
yield 

The bivalent scFv (peak 1) purified from hVB22B u2-wz4 sc(Fv)2 in Example 4 was 
incubated at 25°C for 10 days under 30 types of conditions in total: 20 mM sodium citrate, and 0, 
5 1 50, or 300 mM NaCl at pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, or 7.5. The ratio of peak 1 
and peak 2 was determined by the cation exchange chromatography method shown in Example 1. 
The result showed that the abundance ratio of peak 2 increased in comparison with that before 
incubation, as shown in Fig. 34. This finding showed that, in hVB22B u2-wz4 sc(Fv)2, the 
bivalent scFv of peak 1 was also structurally converted into the single chain diabody peak 2. 
10 The isomerization rate was found to become greater as pH and salt concentration decrease. By 
using the method of isomerizing peak 1 to peak 2, a high yield of single chain diabody of peak 2 
can be obtained by isomerizing peak 1 to peak 2 in a mixture in which peak 1 to peak 2 had been 
produced by the cells. 

15 Industrial applicability 

The present invention provides methods for separating and obtaining the two types of 
structural isomers in sc(Fv)2 compositions, methods for identifying the structures of the 
separated two types of structural isomers, and methods for quantitatively analyzing the two types 
of structural isomers. The present invention also provides methods for increasing the 

20 percentage of a specific structural isomer in sc(Fv)2 compositions by adjusting linker lengths. 
The present invention further provides methods for controlling the formation of the structural 
isomers by modifying the amino acids in the variable regions. Use of these methods described 
above allows the production of pharmaceutical compositions comprising specific structural 
isomers of sc(Fv)2 as active ingredients and to provide pharmaceutical compositions with 

25 activity higher than previous compositions. Furthermore, the present invention enables the 
provision of sc(Fv)2s as pharmaceutical compositions, in which the structural isomer content 
ratio of the sc(Fv)2s has been controlled by standardization tests, which are essential in 
developing pharmaceuticals.. 
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CLAIMS 

1 . A method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 
(a) separating structural isomers in the sc(Fv)2 composition, and 

5 (b) obtaining a specific structural isomer from the separated structural isomers. 

2. A method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 
(a) pre-identifying a structural isomer with higher activity by comparing the activities of 
structural isomers of sc(Fv)2; 

10 (b) separating structural isomers in the sc(Fv)2 composition; and 

(c) obtaining the structural isomer with higher activity identified in step (a). 

3. A method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 

(a) determining a linker length so that the structural isomer ratio in an sc(Fv)2 composition 
15 would be of a preferred value; 

(b) preparing a sc(Fv)2 composition that has the linker length determined in step (a); 

(c) separating structural isomers in the prepared sc(Fv)2 composition; and 

(d) obtaining a specific structural isomer from the separated structural isomers. 

20 4. A method for producing a pharmaceutical sc(Fv)2 composition comprising the steps of: 

(a) preparing multiple sc(Fv)2 compositions with linkers of varying lengths; 

(b) selecting an sc(Fv)2 with linker(s) that give a preferred of structural isomer ratio in an 
sc(Fv)2 composition; 

(c) preparing an sc(Fv)2 composition in which the linker lengths are the same as those of sc(Fv)2 
25 selected in step (b); 

(d) separating the structural isomers in the prepared sc(Fv)2 composition; and 

(e) obtaining a specific structural isomer from the separated structural isomers. 

5. The method of any one of claims 1 to 4, wherein the structural isomer is of single chain 
30 diabody type or bivalent scFv type. 

6. The method of any one of claims 1 to 5, wherein the structural isomer has an agonistic 
activity. 
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7. The method of any one of claims 1 to 6, wherein a linker of sc(Fv)2 is 1 5 amino acids in 
length. 
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8. A pharmaceutical composition prepared by the production method of any one of claims I to 
7. 

5 9. A pharmaceutical composition, wherein the proportion of a specific structural isomer in an 
sc(Fv)2 composition is 80% or greater. 

10. The pharmaceutical composition of claim 9, wherein the structural isomer is of single chain 
diabody type or bivalent scFv type. 

10 

1 1 . The pharmaceutical composition of claim 9 or 1 0, wherein the structural isomer binds to a 
receptor. 

12. The pharmaceutical composition of any one of claims 9 to 1 1, wherein the structural isomer 
15 has an agonistic activity. 

13. The pharmaceutical composition of claims 9 to 12, wherein a linker of sc(Fv)2 is 15 amino 
acids in length. 

20 1 4, A method for controlling the activity of an sc(Fv)2 composition comprising the step of 
altering the structural isomer proportion in the sc(Fv)2 composition. 

1 5. A method for increasing the activity of an sc(Fv)2 composition comprising the step of 
increasing the proportion of a specific structural isomer in the sc(Fv)2 composition. 

25 

1 6. A method for increasing the activity of an sc(Fv)2 composition comprising the steps of: 

(a) separating structural isomers in an sc(Fv)2 composition; 

(b) obtaining a specific structural isomer from the separated structural isomers. 

30 1 7. A method for increasing the activity of an sc(Fv)2 composition comprising the steps of: 

(a) pre-identifying a structural isomer with higher activity by comparing the activities of 
structural isomers of sc(Fv)2; 

(b) separating structural isomers in the sc(Fv)2 composition; and 

(c) obtaining the structural isomer with higher activity that was identified in step (a). 

35 

1 8. A method for increasing the activity of an sc(Fv)2 composition comprising the steps of: 
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(a) applying an sc(Fv)2 composition onto an ion exchange column; and 

(b) removing a specific structural isomer. 

1 9. The method of any one of claims 1 4 to 1 8, wherein the structural isomer is of single chain 
5 diabody type or bivalent scFv type. 

20. A method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of heating the sc(Fv)2 composition. 

10 21 . The method of claim 20, wherein the structural isomer is of single chain diabody type or 
bivalent scFv type. 

22. A method for increasing the content ratio of the single chain diabody type in an sc(Fv)2 
composition, comprising the step of incubating the sc(Fv)2 composition at 15°C to 50°C. 

15 

23. A method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting, with a charged amino acid residue, an 
amino acid residue at the contact surface of heavy chain and light chain variable regions in the 
sc(Fv)2. 

20 

24. A method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting the following amino acid residues with an 
amino acid residue having the same type of charge: 

(1) the amino acid residue at position 39 in the heavy chain variable region of sc(Fv)2; and 
25 (2) the amino acid residue at position 38 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

25. A method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 
composition, which comprises the step of substituting the following amino acid residues with an 

30 amino acid residue having the same type of charge: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 



26. A method for increasing the content ratio of a specific structural isomer in an sc(Fv)2 



composition, which comprises the step of substituting either one of the following amino acid 
residues with a charged amino acid residue: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

5 (2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

27. A method for increasing the activity of an sc(Fv)2 composition, which comprises the step 
of substituting, with a charged amino acid residue, an amino acid residue at the contact surface of 

10 heavy chain and light chain variable regions of sc(Fv)2. 

28. A method for increasing the activity of an sc(Fv)2 composition, comprising the step of 
substituting the following amino acid residues with an amino acid residue having the same type 
of charge: 

15 (1) the amino acid residue at position 39 in the heavy chain variable region of sc(Fv)2; and 

(2) the amino acid residue at position 38 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

29. A method for increasing the activity of an sc(Fv)2 composition, comprising the step of 
20 substituting the following amino acid residues with an amino acid residue having the same type 

of charge: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
25 region of sc(Fv)2. 

30. A method for increasing the activity of an sc(Fv)2 composition comprising the step of 
substituting either one of the following amino acid residues with a charged amino acid residue: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
30 region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

31. A method for suppressing the isomerization of a structural isomer in an sc(Fv)2 

35 composition, which comprises the step of substituting, with a charged amino acid residue, an 
amino acid residue at the contact surface of heavy chain and light chain variable regions of 
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sc(Fv)2. 

32. A method for suppressing the isomerization of a structural isomer in an sc(Fv)2 
composition, comprising the step of substituting the following amino acid residues with an 
5 amino acid residue having the same type of charge: 

(1) the amino acid residue at position 39 in the heavy chain variable region of sc(Fv)2; and 

(2) the amino acid residue at position 38 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

10 33. A method for suppressing the isomerization of a structural isomer in an sc(Fv)2 

composition, comprising the step of substituting the following amino residues with an amino 
acid residue having the same type of charge: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

15 (2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

34. A method for suppressing the isomerization of a structural isomer in an sc(Fv)2 
composition, comprising the step of substituting either one of the following amino acid residues 

20 with a charged amino acid residue: 

(1) the amino acid residue at position 45 in the amino acid sequence of the heavy chain variable 
region of sc(Fv)2; and 

(2) the amino acid residue at position 44 in the amino acid sequence of the light chain variable 
region of sc(Fv)2. 

25 

35. A method for controlling the proportion of a structural isomer in an sc(Fv)2 composition 
comprising the step of adjusting the length of a linker in sc(Fv)2. 

36. The method of claim 35, wherein the structural isomer is of a single chain diabody type or 
30 bivalent scFv type. 

37. A method for increasing the proportion of the single chain diabody type in an sc(Fv)2 
composition, which comprises the step of adjusting the lengths of both end linkers of sc(Fv)2 to 
0 to 12 amino acids and the length of the middle linker to 10 to 30 amino acids. 

35 

38. A method for increasing the proportion of the bivalent scFv type in an sc(Fv)2 composition, 
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which comprises the step of adjusting the lengths of both end linkers of sc(Fv)2 to 12 to 30 
amino acids and the length of the middle linker to 0 to 10 amino acids. 

39. A method for producing an sc(Fv)2 composition in which the content ratio of a single chain 
5 diabody type is 80% or greater, which comprises the step of adjusting the lengths of both end 

linkers of sc(Fv)2 to 0 to 12 amino acids and the length of the middle linker to 0 to 10 amino 
acids. 

40. A method for producing an sc(Fv)2 composition in which the content ratio of bivalent scFv 
10 type is 80% or greater, which comprises the step of adjusting the lengths of both end linkers of 

sc(Fv)2 to 12 to 30 amino acids and the length of the middle linker to 0 to 1 0 amino acids. 

41 . A method for analyzing a structural isomer in an sc(Fv)2 composition, comprising the step 
of cleaving a linker or a region adjacent to the linker in sc(Fv)2. 

15 

42. The method of claim 41, wherein the linker or the region nearby the linker is cleaved by a 
treatment with an enzyme. 

43. The method of claim 41 or 42, wherein the structural isomer is of a single chain diabody 
20 type or bivalent scFv type. 

44. A method for analyzing a structural isomer in an sc(Fv)2 composition comprising the steps 
of: 

(a) treating the sc(Fv)2 composition with an enzyme; and 
25 (b) determining the molecular weight or structure of the product after treatment. 
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ABSTRACT 

Structural isomers in sc(Fv)2 compositions of anti-human Mpl antibody and humanized 
anti-human Mpl antibody were separated, and the obtained structural isomers were cleaved at 
5 their linkers to confirm that the structural isomers are of single chain diabody type and bivalent 
scFv type. In addition, the agonistic activities of these structural isomers were revealed to be 
significantly different. Furthermore, the present inventors discovered that the content ratio of 
the structural isomers in sc(Fv)2 compositions could be regulated by altering temperature, 
modifying lengths of the linkers of sc(Fv)2, or amino acids in their variable regions. 

10 
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Wo 

[143sc(Fv)2m^^<D«^MW©#J^^k$*5X^^tj>,sc(Fv)2m^ 
[153sc(Fv)2m^tF(D#^«3t^tt^<Dm^iiiJP$^X©^t?, sc(Fv) 

Cl63WT©Xa^tfsc(Fv)2m^©ffitt^P$-fr5^^. 

(a) sc(Fv)2ijiafi£^fF(DfflfigM^^III1-5XS 

(b) ^g|^^fc#|jtMtt#:©9t>, #SO«igMtt^^®#'T5X@ 
[173^T^X@^tfsc(Fv)2m^^^it*P^-&5*ffio 
(a)sc(Fv)2»«^tt^OStt^«:^LT^^ttO«3gMtt^^^*^«)*S 
-T5XS 
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i 



( c ) xa (a) (c xmfeishtzmmm&mftmni-zjM 

(b) #£©«^M14tt£&*-rsxil 

[19]1f jg^ttWsingle chain diabodyMXfSbivalent scFvM-?&5[14)~(18] 

[20] sc(Fv)2M^£Mt-5I@£-£ts\ sc(Fv)2MWO#£<D«jgJ|t£tt: 

C21]#f3tM^^single chain diabody^Xttbivalent scFvSX^^ [20] KfB^tf) 

[22]sc(Fv)2j^^^l5 < C~50 < C'C-rv^-<-h-r§Xa^^^ sc(Fv)2«^l 
^single chain diabody^<D-£#$J-£&iiJa&-fr5#fe> 

[23]sc(Fv)2<DMm^«^^^^^#®^^LTV^5r^/^M^, 

«#^-r5T^ygi^s(cg«i-rsxa^tfsc(Fv)2m^^©^^»5tM 
[24] sit<d (i) & j;t/ (2) \z.mm<DT$;ma&*. mnvim mi-zr^mn 

gM&-f<5XS&£ti\ sc(Fv)2M^tfW4#^©«^tt^cD^^#j^^ii 

(1) sc(Fv)2<Z)i^ W£ W^l^ST V6£«^fco-C, Sg( *JM W<D39& 

(2) sc(fv)2o^ ^mm^^n^r^/mnm^h^x, &m ^mm^r ?y 
[25]^r<D(i)fcj;t;(2) (riEm^r$/gi^^, ^s^m»^i-^T$/^ 
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(26) (1) fcitf ( 2 ) <OV >Tft2>-;fr£>7S/&&g£\ Sffi «r#t-57S/ifc 
(2) sc(Fv)20ft^ Bj^^(C^^T5/^BS-CfcoX, 6« RTg««<&7 5/ 

mmro ( d fet # (2) khe*©75/b«£«\ i^«<z>m#£#-f 375/gga 
sicem-r5xa^tf>sc(Fv)2«^^®tt^iiAp^-*5*fe 0 

C29j^ro(i)fci^(2) \zfsM<o7K/wa^s mvLommi'ZTKsmm 

(2) sc(Pv)20^W*«*fc^*t^T5yfittlS'C*)O-C, "J«»t^/ 

[30) ot© (1) SdXXfi (2) ©v ^d»-^r©r 5/Bft»»» «ffi£#"f 375/Bfc 
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mmmmMfrsts, sdF^nmwmmm^m^mmuir^ 

C33)^T^(D^t;(2) \z.mw7s>;mmmz, mmnofm^^t^r^mst 
mmmir^xn^^sc{Fv)2um^mmmw-<DmitKmm\'r^ 
m 

(2)sdFv)2<Di&m^%m®\z%*n%7^m&&xh<>x, mm^mm^r^ 

(34^t<^> (i) &xxf (2)m ^•rtifr-jj<D7$m®m^ mm^^r^m 
nm\m^^xn^^ sc (F V )2mm^<Dmmm^<Dm^Emm\ 

(i)sc(Fv)2<Dmm»i£mmz.%*tiz>7z;m®mxh^x. mm^mm^r^ 

{2)sc{Fv)2<Dmm^&m®\^*tiz>7$;mmmxh'?x, mm^mmor^ 

i35hc(Fv)2<Dvy$-<D%ts*mBirttm$r$;^ sc(Fv)2mj$v>}tp <Dmm&& 
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[36)«ii&te#aSsingle chain diabodySlXtebivalent scFv§!T&5 [35] {CfEictf) 

(37]sc(Fv)2<ftM(Dyy#~£<)~127V$, tp&<9yy;*;-£lO~307^/$K 
MB'tZlM&lrtt. sc(Fv)2*a^*©single chain diabodyMO#J-&^ii*P$*?. 

[38]sc(Fv)2OjPn«Soyy*-Srl2~30T^y^, tF*©yy;*7-&o~io7VS&te 
ISgiSrS Xg«r&tr, sc(Fv)2mj&Wtf)bivalent scFv§Jtf>$ l&ZmfeHttfeo 
(39]sc(Fv)2OffiS<£y^#-£0~12T5;/$, tF^y^— £0~10T^/6fcl£|S? 
gJi-r5X@^tP, single chain diabodyS!^^^#l^^80%^±"e*)5sc(Fv)2iia 

[4O]sc(Fv)2<BW«<&yy;&-fcl2~307$/'Ik tF^y^-^o-iOT^ygfttJ: 
Ittfrf 5Xg&£tN bivalent scPvS!©^^r|^*J80%K±T?*5sc(Fv)2ja^* 

[41] sc(Fv)2^yy^-Xity V*-5SfiHfi*H0»Tt"5XS«r^tf > sc(Fv)2jja$ 

[42]»*^a^^i^J;9y^-Xtty^-ifi^«^^5ri:Sr#1» 

[43]**j£&ttffc&Ssingle chain diabodySJXtebivalent scFv3!^fc5[41]^c{i[4 

(a) sc(Fv)2J|fl^Sr#*-C«Hl-rSXe 

(b) mm&<D&^<Dft*msfctmm&m&tzxu 

[0019] [g|l](a) VB22B sc(Fv)2<DVH14uikei-VLl-linker-VH2-linker-VL2li^Sr^-ri2|-e 
kZo (b) VHlHinkei^VLl-linker-VH2-linker-\^2#^(D2a^O«jg^^^ 
•na-Cfc^o VHl/VLli:VH2/VL2^^tb ; etb^-a-Lfcbivalent scFvflSag Cfc) V 
Hl/VL2£VH2/VLld^;ftm^Lfcsingle chain diabodyflljg (£) £^rf 0 
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IMpeakl, peak2 > VB22B sc(Fv)2WsubtiUsin*n;aM^^3S5cSDS-PAGE^i^^:S: 

IMbivalent scFv^single chain antibodyOfllagOSVMC.tO^CSsubtilisinRR^ 
*«05H¥/^-y<Dg|VVS:^HTfa!)5. Bivalent scFv**3t©»3\ /SH"Cfflo 

[g|5]Subtilisin{Cj;5peakU peak2, VB22B sc(Fv)2<DWtfeftf%'&W^*>M?v^V 

cbi6]vb22b S c{Fw)2m^^mpomr^^mBmi(D^^i-m^h^ 

o 

[®7]peakltpeak2W^^y^^avb^77^- < fc5^«IW^^1-|a-Cfc5 

o 

[l38]^^S^n^h^^-J;^5>llLfcpeakl^peak2(D^^K^ytVi/ 
IMpeakl, peak2, hVB22B u2-wz4 sc(Fv)2<£subtilisin&S&<£;&xSDS-PAGE<Z) 
[01O]Subtilisin{Cj;5peakl, peak2, hVB22B u2-«rz4 sc(Fv)2£>R8£##M£tf>y/V5 

[011]hVB22B u2^vz4 sc(Fv)2«jgM^©TPO«lT^=^hfiH4SMiffi OlS**^ 

m%:ii)h&m*m^it='yxY9?h"?]b5o iAimmwirt-&mr*ib*>, gg 

GGSGGSBS^lJ (BB?IJ#^ : 20) fcffiVXfcay^H^M!**. L^HcffiWKoy^-ft 
#12-e*>^ GGGGSGGGGSGSK?!l(E^I#-^:21)SrfflV^3^h^ht?*>5. Px 
xtty^-^LT(GGPGS(iE^J#^:17))nSa^J^fflV^*ifeOIJy*-^^xx^L 
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#bttfc#4Jt*Sr*-riaTf*)5. bivalent scFV^flfig©/^— feyhtiU^Lfc, 
[|^4]hydroxyapatite#7A<D:?Pv^ 

[EI15]S0URCE 15S*9^^o^l^9AO^tf|Sj|«^H"WlW5. 
[Bl7]:fctffilKL;fchVB22B u2-wz4 sc(Fv)2 peakl£hVB22B u2-wz4 sc(Fv)2 peak2 
[Bl8];fc*flflRL;fchVB22B u2^vz4 sc(Fv)2 peakl£hVB22B u2-wz4 sc(Fv)2 peak2 
[Ell9]u2-wz4, mtftvU mtfcvS<D?;V%m9*^WJ7^<Ol&%&m-t&'Z 

<fe><5o 

[B20]u2-wz4, i&Xftrl, &m#v3<DmJ*>&&*v-?hy : 7yj-<Dllg%;%^1r 
fl^l]^^, u2-wz4t|jKpeakU u2-wz4*SSS{peak2, &^#vl, &£ftv3<D%M 
[El22]u2-wz4iBfSStpeakU u2-wz4i|t$Slpeak2, Mftvl, &&#M<D'7vT7*-12 
[H23]u2-wz4*|»peakK u2^vz4*t£ipeak2, gfc&ftvU 3fe£ttv3 ©TPO#T=r~ 
[H24]u2-wz4«f«peakU u2^z4f*$£peak2 % *g#vU &£ttv3<DDSC#*frtf>*j!f 
[Bl25]u2-wz41|t$SpeakK u2^rz4*i?$Wk2, 3fc£#vU Bfe£ftv3tf>fUjP5£l*Bfc 
[El26]u2-wz4!|t$SlpeakK u2^z4*f®!peak2, jjfegftvl, &»v3<D»>i&B[£ 
[H27]fcMfcSifch IL-65t*(|*t# sc(Fv)2<Dpeaklipeak2©|5|^^^tJv^ 
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[B28M»LfcfcWfctfcfch IL-tgmiffift sc(Fv)2tf>peakltpeak2<DB§^y£& 

[B29]fcMI#teh IL-6^^flsJriflc sc(Fv)2tf>peakl£peak2<Asubtilisin&ll&tf>jI 
5cSDS-PAGE©|g*S^ , tW'C&5o #feftfc^K^$£#^££K*Lfc 0 
[B30]SubtilisinlCj;SfcWbtlteh IL-6gWft#i# sc(Fv)2(Z)peakl^peak2(OPSS^ 

[031]th'fb^;th IL-6§^fr#ifo: sc(Fv)2©peakl£peak2<DBaF3/gpl30(C:fcttSI 
L-6tfftflH48MB©!|$*Sr^-H-Cfc« 0 

[032]VB22B sc(Fv)2£>peakl£20mM sodium acetate, 150mM NaCl, pH6.0, 40tT? 
^>^^-hLfe^(D|t^^^n^h^7^-^L^^WlCpeak2^ii 

[B33]VB22B sc(Fv)2(Z)peakK peak2, RXf, 40 < C'C6 0 ^incubatebfcW^T^^ 
^^tt^fPffib,peakl^peak2(C^br5-t^j:o-C^^ii^p-r5^^5l 

[|2|34]hVB22B u2-tvz4 sc(Fv)2£>peak l£25<C-C 10 0 #&ttT-Cincubate-f Si 

[0020] sc(Fv)2©«3tjitt#«!Hirr5iflg-c, ttsetjitt^momttic 

[0021] sc(Fv)2ia^^tF©fl|3tMtt^Sr^lltU ^«*h,fc«3&Httfr©5*> 

[0022] fc*5V ^-Csc(Fv)2(i, 4o^±Oftft pT^^^-^^LT-* 

*ucutte#^btfc^&s. [BT^^«i](y>'^-i)[«r^«2](y>'* 
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[0023] sc{Fv)2m^<DVLb2^<DVH(D&<DTqmmft*rs*-%X'?W& 
LX—#M\Z.U!ttfcT*1bZ (Hudson et aU Immunol. Methods 1999;231:177-189 

[0024] sc(Fv)2ft, ^ ^^^©^"C^Kt-S^ST?*, m*.\f, scFv&'J V*-? 

^i^-(Z)7Ky^7 P f•K^^^C#S-r5(scFv©^^^oV^Ttt, Pluckthunfrhe Pha 
rmacology of Monoclonal AntibodiesJVol.ll3(Rosenburg and Moore ed (Springer Ve 
rlag, New York) pp.269-315, 1994)£#$0 o 
[0025] *%W<Dsc(Fv)2kLX\X 2o©VHfttf 2o©VL#, -^Htfy^^K© 

N*Sj&«g££LTVH, VU VH> VL([VH]yy*-[VL]y^-[VH]y^-[V 

[vL]yy#-[vH]yy#-[vH]yy#-[vL] 
[vH]y>^-[vL]y^-[vL]y^-[vH] 
[vh] y [vh] y x*— [vl] yy#- [vl] 
[vl] y [vL]y [vH]yy#- [vh] 
[vl] y [vH]y y*- [vL]yy#- [vh] 
[0026] w©sc(Pv)2tt^ pf«««, y>*-K^or5y«E^i*^^v vot>j:v > 

o 

[0027] 5t«WTm^;h*tT;#© wr«ffi«M, wf«««©^st?t>j:v fcm^m 

[0028] *fc#38W©sc(Fv)2tt:, %<DmMte^M:W%\UgG<DFm^W\<Dfi>/* 
^K£$I^LTt>J;WClinical Cancer Research, 2004, 10, 1274-1281) 0 Sfc-g-fS* 

^<m^mmmtm^i-^t^x^ 0 tfz*%m<z>sc(Fv)2tz, F C ©&hin 
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^ffiV^/c(scFv)2-Fc<D^-Cfco-C 1 bJ;V^(J Immunol Methods. 2005;306(l-2):93-l 
03.) o 

=x>v^-vLxh&\ ztdmmmmmAu mmzmwLxhxw 
[0029] ^(D^mm^ir&jy^-tLxii, &te?xm^mAv®z>m<D 

^■Zf^-YVy^J-. X\*&f&ik&Wy%—(WZ-\fs Protein Engineering, 9(3), 299 
-305, 1996#fl8)lcM^^ix5y^-^5rfflV^r^^-e#5^, *%m\Zi3^X\t 

X^M%j>)m^ft1rZ>Z.b&*smxhZ>1!>h 0£Ll^£tt5T5/6m±(-hl&te 

hh^xhxw 
[0030] s<-7<f-Yyy%-<D®&: 

Ser 

GlySer 

GlyGlySer 

Ser-GlyGly 

Gly • Gly Gly Ser (BE^IJ # ^ : 9) 
Ser-GlyGly Gly (gE«^-: 10) 
Gly Gly Gly Gly Ser (BBJWf : 1 1 ) 
Ser-Gly Gly Gly Gly (SE^J#^: 12) 
Gly • Gly Gly Gly Gly Ser (gE#J # ^ : 1 3) 
Ser • Gly Gly Gly Gly Gly (ga^lJ#^- : 1 4) 
Gly Gly Gly Gly Gly Gly Ser (BE?IJ#-^ : 1 5) 
Ser • Gly Gly Gly Gly Gly Gly (gE^JW : 1 6) 
(Gly Gly GlyGlySer(gE?U#-^: ll))n 
(Ser- Gly • Gly Gly Gly (8E#I#^- : 1 2) )n 
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[0031] &Mk¥®})>*- iW&mm W\ ^^K^ffi^atfflv^Htv vsftff 
fflk 0y^«N-tKn^^i/y^K(NHS)> ^^W^^^Wb(DSS), If 
* h (BS 3 ) , *Sfrft£X ^^Wv^nm 

— h) (DSP), y^tf^(^/V*^^Wv^7 P nt: 0 ^--h) (DTSSPK s^VV 
y!J3-;V^(^^Wv^W^-H (EGS), xfJ/y^!J3-^(^W5 

VWXM > W5^/Hg^|ifi - dst) , t** [2- i/ W5Kt* 

/V^/V**^) ai^/W] (BSOCOES) , tr* [2- CWJfcW' W 5K**f 

*/v#^/v^i/) (;vv#-bsocoes) , rjh&o&flHffl 

ttr|JJR&|VCVV&, 

[0032] 4oo^ «ragfi««ri($^5«^»J:f4, 8o©y^-#i!*^*as, £ 
[0033] fc*5V ^sc(Fv)2jja/&*8)^ sc(Fv)2<D*^jmft£l£fcii«"£;f -f5 

[0034] sc(Fv)2*fi$#>tt, ^ *#K«ftl©^jfeT?ft*-*-«^3&S-Ct6, ®\x.\f, sc(Fv)2 

mmmuir^tx\ S c(Fv)2ia^;H»cts. 

[0035] K'^-W/Ctt, if AU^NAt*ftlCfi^«t>©^ntfWClWI»**V'r 
ript^<^^-(Stratagenett$!l)jfcifdW*U^dS, rfTJi£<D;g* ©^^-ftfUfflf 

K^t^^m-efen^pBEST^^^-C^n^^ttM), A»«-efctU«pET 
(Invitrogen*fc$D „ mmMXhtHtpME18S-FL3^<^— (GenBank Acce 
ssion No. AB009864), £^@ftT?&ftfipME18S^^-(Mol Cell Biol. 8:466-47 
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2(1988)) JWf##*U>. ^*-^©#»W©DNA©#Att> ^fefciO, 0>J;U* 
% $IJIS#^^hS:ffiV^y^-^^{CJ;0tT5-W s, tfS(CuiTent protocols in 
Molecular Biology edit. Ausubel et al. (1987) Publish. John Wiley & Sons. Section 1 
1.4-11.11), 

[0036] ±fc®3-mifobLxmfcMm*ti:<, m\zfoixn*<Dfe3iMmm^tbti 

5o sc(Fv)2^m$-&Sfc*W»^LTfi, m*-\f, »|»WJ:^^^ 

s<;v*?;v*) , Emilia m : Ynyyjysi, *#Y7<rySFS) , mmtfflfo (W : CHC\ 
COS, HeLa, C127, 3T3, BHK, HEK293, Bowes ^5/— ^*WJ9&) 

ife* HM' W^f^JLffi (Current protocols in Molecular Biology edit. Ausubel et al. ( 
1987) Publish. John Wiley & Sons. Section 9.1-9.9) , y^^^^$y&(GIBCO-BR 

[0037] sc{¥w)2%mm<Dmmt, *%w<Dsc(Fv)2&mmzftmtsti?>M&tt, %m® 

-mmu *:<^{;isc(Fv)2M!|&£0ifc-f s„ 

[0038] *|SB^(Dsc(Fv)2m^^lli, sc(Fv)2^«3gMW^l*fcM^*1-5«^ 
<DX\tf£\\ 

[0039] *%w^#^xmi&mftt\*, 7$;mim\zm-' ±mm=.^m 

[0040] sc(Fv)2(C*51t5fllatM'l4^tL-C{4, single chain diabody^ ^bivalent scF 

[0041] *%WK&^X single chain diabodyMttt, sc(Fv)2^ % {.^m^lW^-l)^ 
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£*Tf5sc(Fv)2£l^o 
[0042] #»lflfc:*3V ^bivalent scFvSttt, ^glB* 1 b^$tW&2.&£&U 

[0043] single chain diabody^ bivalent scFvM^LTIi, ^Jx.fi 0 lb(ClE4fe(Dfl|jg?r^-f- 
5sc(Fv)2# W<b*l5 0 sc(Fv)2<Dfl|3tMttft#single chain diabodyM&fcttbivalen 

[0044] sc(Fv)2M^ * <£«i£#M4tt<D#J$:}3j; (*t$U) tflRff, sc(Fv)2M 
!fel^^y^*7A^Hydroxyapatite^7A{Cd^t, #&W*£ll»£Ifrm>5 

y-vvt-^ mmm. mmttm. ®%mm, mm. sDs-^y 

[0045] ?V^h?77j-bLX\t, mtt4*V&&9Ki-vW7-74-. tyMt^Wy? 

77-4—, T74~7^4^9xi^y?774~^1£^\it>ftZ ) (Strategies for Protein Puri 
fication and Characterization: A Laboratory Course Manual. Ed Daniel R. Marshak e 
t al„ Cold Spring Harbor Laboratory Press, 1996) Q StB^v 
W774-, fllRtfHPLC, FPLC^<Dmft?n^h7*77j-*H\^Xft?Z.bfrX*% 

[0046] ^^^n^h^y^-^m^m^ ^.m^n^^^^^wmt 

J*y#&ft*7^ Q J*y£&ft*7J*te¥m\^zb&^mxhz>i!>K ztib 

\Z.$tfe£1n%b<DX*}S.m\ W.%?v~?h?77j-bl-X\^ Hydroxyapatite^d-rh 

[0047] *%wkm. zfiibomm^mmw ftmmmg&frmm&zj&ni-zz- 
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[0048] ^mmmm^mmm^ sc (Fw)2mm^(Dmmmmxm 

&m#MirmK. visx-cDmmtemmsdFvnmmmmu w& 
isnzmmmmmnftftm^xmmmft&m&Mu sc (fv)2«^ 

* W*5gmtoit^^W*U mtft&J >*-mi- 5sc(Fv)2£5gjRU 
tlfcsc(Fv)2(Dsc(Fv)2m^ ; S:f^|lii-?>-i: , {j^ ; 5c ifcfc&S&O^&tcW, VHtV 
L^^ffi^fiKi-2>T^y^SSrBfe^1-5rt^J;i9, m£*tfcsc(Fv)2<ftsc(Fv)2 

[0049] *^0^^c^3v^-c^»o«it^^*:i:^^ 

[0050] &m&<DMmmft<D&%K%mK&too£mxft * 
[0051] wicasv ^xmmt, ts&im. iWMgfgt^ r^^hstt, r 

ftiSttfcL-ctt, a*.!* , $Mas«u mmm®&. 
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[0053] fc*5V >TtltlSf4«rlJ:|RJt$tbi", WttSfcttBTCfc iV \ fctMO^LT 

tt, wttf * s»#, MHc^m, *MttWk ftwurf srws-ctSo s 

£L, $|x.f£, Cooke BA., King RJB., van der Molen HJ. ed. New Comprehesive Bio 
chemistry V0I.I8B "Hormones and their Actions Part H"pp.l-46 (1988) Elsevier Sci 
ence Publishers BV., New York, USA, Patthy L. (1990) Cell, 61: 13-14., Ullrich A., 
et al. (1990) Cell, 61: 203-212., Massagul J. (1992) Cell, 69: 1067-1070., Miyajima 
A., et al. (1992) Annu. Rev. Immunol., 10: 295-331., Taga T. and Kishimoto T. (19 
92) FASEB J., 7: 3387-3396., Fantl WI., et al. (1993) Annu. Rev. Biochem., 62: 45 
3-481., Smith CA., et al. (1994) Cell, 76: 959-962., Flower DR. (1999) Biochim. Bi 
ophys. Acta, 1422: 207-234., fcjRg^fefc, jNBJ&X^W/^K^v-y-Xr 

[0054] ±m&&ffrr$V-\zmttMc{W%&»ftbLXlt* Mx.lt, ZbXttTpxx. 
y^P7K^y(EPO)^flC, thX(iv^0^3P^-$lJ^H^(G-CSF)^^ 
ft, thX(l-7^hny/lf^^y(TPO)^ft:, thXtt^ 
KYXtt^twk-zV&'Vg&ft. fchXtt^****** ^itma^ (pdgf) s 

mfc, KhX\*TWs?-7x.vy (iFN)-a , 0 fcKXfiv?*K/^yg 
bhXtl^^^*A^-y(GH)S*ft:, KhXtivtxjyjr-uJ^y (IL) 
-10SW, thX«^!>^>r^yy«lii5»H^(IGF)-I^ft:, fchXfi^^&jfc 
^ilH^ (LIF)g£#, fcKKttv?*^«fltf*£#*H* (CNTF)g£flc^£ 
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ffl&tZ^btf~?%Z>(hEPOR: Simon, S. et al. (1990) Blood 76, 31-35.; mEPOR: D' 
Andrea, AD. Et al. (1989) Cell 57, 277-285.; hG-CSFR: Fukunaga, R. et al. (1990) 
Proc. Natl. Acad. Sci. USA. 87, 8702-8706.; mG-CSFR: Fukunaga, R. et al. (1990) 
Cell 61, 341-350.; hTPOR: Vigon, I. et al. (1992) 89, 5640-5644.; mTPOR: Skoda, 
RC. Et al. (1993) 12, 2645-2653.; hlnsR: Ullrich, A. et al. (1985) Nature 313, 756- 
761.; hFlt-3: Small, D. et al. (1994) Proc. Natl. Acad. Sci. USA. 91, 459-463.; hPD 
GFR: Gronwald, RGK. Et al. (1988) Proc. Natl. Acad. Sci. USA. 85, 3435-3439.; hi 
FN a / 0 R: Uze, G. et al. (1990) Cell 60, 225~234..&.tf Novick, D. et al. (1994) C 
ell 77, 391-400.) „ 

[0055] mmmtmmm^mm^x^'rm^h'Os mm^m^mthmiti 
tfciswrt), mmw$$mm\zwb<> m¥sm<ombixtt. mm. CA19-9, ca 

[0056] MHC^gCH:, MHC class MttMHC class nfctgU^BU&fk MHC class 

mz\*. HLA-A,-B,-C,-E,-F,-G,-H^^^tb, MHC class H^M^hi, HLA-DR,- 
DQ,-DP^£;ft,5 0 

[0057] ^b^l®^fi,CDl,CD2,CD3,CD4,CD5,CD6,CD7,CD8,CD10,CDlla,CDllb,C 
Dllc,CD13,CD14,CD15s,CD16,CD18,CD19,CD20,CD21,CD23,CD25,CD28,CD29 
,CD30,CD32,CD33,CD34,CD35,CD38,CD40,CD41a,CD41b,CD42a,CD42b,CD43, 
CD44,CD45,CD45RO,CD48,CD49a,CD49b,CD49c,CD49d,CD49e,CD49f,CD51,C 
D54,CD55,CD56,CD57,CD58,CD61,CD62E,CD62L,CD62P,CD64,CD69,CD71,CD 
73,CD95,CD102,CD106,CD122,CD126,CDwl30^^^^tu5 o 

[0058] m^mtmM-r^mm^mm^tLxn, m.mm^/x\mmmt 

tfWfe vSmXhmQfcm'fZZbtfXZZo 0!lx.tf > 4S*Pra(cell free assay)tf>*| 
*BM(celH>ased assay)©^ ®M3fk<Dmm, ^fl^i^^V^^ 
XZZ> 0 

[0059] mtom%<DmmtLx\z, mmfcfo^y/vw. dna, rna^m^^^/xi* 
Ktoti:mk&m^ktfxzz> 0 mm^mtLx^ mm. m/mm®^ m 
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&»bu&. m.mi&, mmmmm^b&x^z, &t, * 
y/wKwymt, mymt, -Sft> &m, %m, mmm*?, dna, rnaw 
mm, mm, w&&m^b&x%z> 0 mm^-r^mmmmrmm^ir^ 

[0060] mmmmtLx\t, ummmvmt, mm, wmmmmt/x 

m<Dmmmtmmrx<Dmmxmm^-^t^x^ 0 ^(DmtbLxi-i, 

fflt&m. *i»«u mmft%>n<D£4k%>m\^b&x%?> 0 mmmm&bLx 
it, ms^mmmB, mmmmm^ 0 mmmnomittLXftmm, 

[0061] »J»5R©maii:LTIi, ffifflr«3iai»ta£Cfc«IB^'ffc*ttW»«li:i-5^fc*s-e 

ft, fiyvwm*, mm&, nmnmomit, wt, mmvmt, mm, 

MB, ifc*«©*fttMrfflV^4:sJfTf*«, 
[0062] ^libOtftfflffi«Sraife-t-S*«fei:L"rH:, WfcflJISttfcC K3fe, 3Sfe, it 

[0063] 0Ux.fi, R^^h/VHMftWfcfflV ^HS^M-^TV- % 
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i 

w*ic7A^*-*n?a^s£^'e**. 

[0064] ^awicfcwc, T=r^h«tto«H^tt^m#^*no^&^»)fT5ctJ55«I ! 

•nwam. T^xY%mm%.Ltz\ ^mmu %mt%o wst-8© \ 

#«ra£U #fenfelW^«rlWK:Trf^I^«ra^^#^*i?*>6. 

[0065] T^^^#^m^1"iNfl^^^{^^©^&(^^^t-6it^^^ 

flflxjf , G-CSFg&ft, mpU neu, GM-CSFg^ft, EPOg^ft, c-kit, FLT-3^£ 
mf Z>Z.b&X*% 5 0 S*#Sr*^F*5i*JiatbTH:, fllfctf , BaF3, NFS60, FDC 
P-K FDCP-2, CTLL-2, DA~L KT-33££W 3£fcj&S-Ct3o 

[0066] ^w^^v^rsc(Fv)2E^m^^«^^E^^.^^^^^tht^S:^ ( 

S «Jtbfcsc(Fv)2|ari&ftOitSrV ^ 0 
[0067] *ISM©^fe^j;oT^^#$tlfcsc(Fv)20#S<D#|jt^#:, Sfctt, 

#^©«^tt^(D#j^^iiiD$^csc(Fv)2M^fi, *ne>tc*i- ! 
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[0068] mm\m®istiz>uft, mtLx\z, mz-tt. mm^^.m^^ 
mm. mmm\(PEc, Tween^x *v-i>medta^\ &&mzm? zzt 

&X%Z> 0 tilt* ZKDmo&ft+mtDtfV^l-K JkffiT/v7*y y if^^&g 
A4?t*/—A*f)s ^yT/V3-/K^nbruy^lJ3-/w % peg^), %mry&ftm%i 

BMtfvy^-Ws Hco-50)«i#fflLrt>«kv\ 

[0069] fcWOSC v^O^y-fe/KtKo^^^/V-fe/Ha-^, 

"rMVtfy-^ Tsv7*y*?vx7x7* -?<W*x*r;wSaV y i-JftTRTfiS* 
7±/l'%£)kir?)Zth~?%Z>('Remmgtons Pharmaceutical Science 16 th edition', Osl 

o Ed., i98o^#M)c mmmm^ntt^m^^h^o. 

{^2ifflL#5(Langer et al., J.Biomed.Mater.Res. 1981, 15: 167-277; Langer, Chem 
. Tech. 1982, 12: 98-lO5;^B#H : B3,773 f 919-^;M#f| : m0^M(EP)^58,481 
Sidman et al., Biopolymers 1983, 22: 547-556;EP^133,988^-) 0 

[0070] ^mmsc(Fw)2mm&mmt±m<D^m\m^tiT^m^^(D^m^ 

[0071] &%~-<D&5-\m a , im p ifc^v ^-ftiXh^mxh^K ^mi^i n 

ft^xhv, &&mz.tt.s m&m* m^ft^mm, nm&^mm, m&®-$mte 
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5VH3\ S#fcfcl90.001~100000mg/body(Z)$5ia-Cl^4fl:^^<!!^-e 

[0072] #38Bjm3\ ®fe<D&m&&ft<D$%%\&&8Q%SX-k, »£L<I390%^±, # 
(C0*L<{i95%^±Osc(Fv)2m^^) ; Srii^-t-5o WjyfclftfU^ single chain dia 
bodyM(7)^^fiJ-a'^80%W±, $f*L<ii90%^±, #(C#£L<ii95%^±<£>sc( 
Fv)2M^^I, Xttbivalent scFvM^^#J^^80%^±, #£L<f290%^±, # 
(C0^L<^95%W±(Dsc(Fv)2m^^l^#lf5-t^-e#S o 

[0073] *|g0J^^3V^T#S^«3gMtt^^W#J^^8O%i:^^, sc(Fv)2m^l^* 
tl^^T(D«^tt^{C^5i|#^^«^^(D^J^^80%^Si<t^iC* 
*f5„ sc(Fv)2M^tp(Csingle chain diabody^tbivalent scFv§!tf>2lt^<ft 

single chain dhbodyM<Dt1i®&fr80%b}*, sngle c 
hain diabody^tbivalent scFvm<DitW80:20Xh%Z.bZMW1rZ> o 

[0074] K*5V ^80%^±, 90%^±, 95%&±0^#J£0±Pgte*|#fc:RR?££ 

ftftv^, ioo%^U«ioo%^a£v^W*U\ ioo%\zm^±mz^M%o 

mn&ffi^ftvt&mmft-rztK m*.&. 99.999%, 99.99%, 99.9%, 99%^* 

[0075] Ifcfc, *%W\Z. #«W«»^(D^#J^^80%^±(CLfcsc(Fv)2m^ 

ftMpl^ft<£T^~*^ttf*single chain diabodySJO^SjV^-C, MpHC*J~T5s 
c(Fv)2^T^=Xhi:L-C^ffl-t-5#^(C|i > single chain diabodyM©^W#J^^ s 80 
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[0076] scfrv)2imm<ommmft<n®£tt:mteikZTn&$tt, sc (fv) 

[0077] *%WK&^XK, sc(Pv)2©«3ta^4^^^|S|fc^3V^T^Stt«LV^||^*>5tV^5 

imtootm&mtotzMc&tottmbLXK, m*.#. sc(fv)2*i$w ic^n 

^single chain diabody^tbivalent scFvm<D%ift*£4k£ J &Z>Z.bfc£*) , sc(Fv)2#fi 

[0078] £fc, #3SWtt, sc(Fv)2m^fF<Z)^^«itM^C»#J^^li>!)P$*5Xg^ 
^tf , sc(Fv)2ffl^^W»^P$*5^fe^|IW-r^ 0 ±^bfesc(Fv)2«^ 

o 

[0079] mn, s C (Fv)2mm*<Dm&mmm&<D$\&zM<?zztiz£r)^ m& 
m^sc(Fv)2fm®mm.'tz>z.kfr-z!mx*h*), sc^m^^m^ 
mmmwomm<ir^bK^mmmftsc(mm^^mmt^ 

[0080] single chain diabody^fSWbivalent scFvM WfcitSV sc(Fv)2^^l * 
©single chain dtotoiM^I&^tttott^bKM)* sc(Fv)2J|fi&fc©J£tt*: 
*aPS*5^«ST?t, bivalent scFv^<D#W£^£W£i£5^-£^ sc(Fv)2iH 
^©SttSHSTS-frSilfc^-etS. bivalent scFvSOiS&^single chain di 
abodySU;*)fcffiV^#£\ sc(Fv)2jjfi$W ©bivalent scFvSi^WWJ^Srit^-fr 
3£WCfc«J, scO^)2|a(j6<ftOffitt«rJiiD$*5^t^T?§, single chain diabodySI© 

iSim&*%MZ&ZZ.b\zM. &c(Fv)2M&to<o%m&TttZZ.b&X'%Z>o si 

ngle chain diabody^tbivalent scFvS©£*>e>#}G&^T?*>3j&»|i, § 
[0081] sc(Fv)2^gHm^iL-C^ffl't-S#^, ISttttrtV^#flP*U ^4#£ 

v n©-C, sc(Fv)2M^i *> fc£Stfx$4#£©*^ttfttf>a( £ 
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[oo82] sc{Fv)2mmw^*hmfem&mfc<Dtt®&mm^ S c{Fv)2m. 
^<D^mM^^mmm^^mcxm^xhx<, > sc (f v )2 

[oo83] S c(F V )2m^mmtcmmm<Dmmm^<Dm^M<^m^mtLx 
[0084] &mt, sc(F V )2m)&<toZMt&irz>z.k\c£y), ftfe<Dmmmfc<Di>;^®i& 

bi-ZZklZM. single chain diabodym<D^ftm&%i%lN£-&%Z.ktf'S!mXh%Z. 
k*&ttiVX^Z> 0 ioT, sc(Fv)2m^^€rl5 , C~50 < C, #£UW:20 < C~40 < t, ® 
\Z.^i^<m^^hX^\ZX^^^-Y^Z.k\Z.^0, single chain diabodygJ© 

<D'&, 7L<DnmzmVXi>, if JPLfcsingle chain diabody^cD^#]^teift#£}l 

[0085] #^«^MW^^*#J^i«<^J;5i-sc(Fv)2^-K-f5DNA^ff-t- 

[0086] $£>K, sc(Fv)20 nI^^<O^^J^-rS-i:T> sc(Fv)2^^tp(0^^(7>flf 

mm&fc<Distm&zmiM£&z>z.kh-*!mxhZ) 0 &fcmm. sc (fv)2o pj^m 

WiSMU^ ^T^yg£g|&£M1--<<> sc(Fv)2^-K-T5DNA^^^ 

[0087] ^B^f^tt^r^j tit, mi** sc(Fv)2<D^%mmm&m-rzwimm 

i%<Dkmrrzz.ktfx%z> 0 

[0088] *%w\z&^xt£&%Mm-rz>} mm^^mi^x^zmm-r^k 
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£flri\ W*#WKiH:, sc(Pv)2rtlc»v^a*Uftv^^|*S*i*v>J:5lc 
[0089] ^WI^ttsr^jgjtH:, ii^, ^(*EfiyB)^6IK©^iIi*»U #S 

[0090] ^Wfc*5lt5rjfiB«r*|«i-5T5>^HI*jfctt, 8imi«, mZM$.~rz 

sc(Fv)2<z> >>rg«tf fcfcv >T , tt Br3E«*fc^*H5T^Ste«SSr«5. 
[0091] *!6W©^fe{C*3»t«5T^IS2ISorafe^ji:{4 % JWW&fctt, jc(3fe3M&)<&7$ 

[0092] *»W©±|B*jfeH:*5V^rDNASraS[«i-5ji:H:, *»Wlc*5»t5riSfe«j fcio 
[0093] #38 W<D#*LV ^fcfcv vCMU 0»J*.tf. sc(Fv)2<D ^ B5SrJg(£f 5 
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[0094] £&<DmK&i&tzT$;mm&ft, mm. sc(Fv)2<D±<mmmvru ks C (f 

ZkfrX$Z> 0 IfffiK&V^SV^ffiLfcT^/^gfS, *%W<D%m\z%>tf& 

[0095] T^m^Kti, mffiz%tWcT$.;mi)mbfrx\ vs. -mKJE<DnMm 
, ^^&(E)w&fetrcv^ 0 Hot, 0*t<«, *%wk#^xmm<Dm 
[0096] *%wK&^xtt, m*fcf&tz7*m%mtmn<Dmffikftz£?iz$c££ 

[0097] &mzx<>xmA£fiZ7^$m&iimm<D®& x z^br^mmmw 

\mffimtct^T*;m%m&mn&i$i£ftx^xh£\\ 
[0098] xmrnoxmic^ ^&£«£;ft3T5 /&$g©$cft, #i^^jps$ti/iv 

[0099] *33, ^(Dsc(Fv)2lC*3V N t\ Jfj&MMW- 5T vm^&OTlJ ic«ffi£frf5 
[0100] *fc, W©#*U MB»fc*5V vTW\ sc(Fv)20> W£®#<Z>#®«l£*t-*7 
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[0101] -j&lftt^ r^iftaT (hydrophobic core) j \X S&LtctfV^^VtDftmim 

-ivmvv, v^s>, tf-ir-v^ 7^~/uT?~y, y°vyy, WV77^, 

[0102] ^j^y^<D^<Dm^ Mzntm*&^Tm&~rz>7$;wt®mfrbn 
r^/mmm^ nMZfi-rzT^mim&'tzz.bfcX'o. ^mmms&m® 

x%z>h<Db%z.bin% 0 
[0103] ^#K*5wm, ]%m<DsdFv)2t^XT*;mmimttirZ>zb\z.l:<0, m 

*=iT(DftiE<D%M, &±x?Mf$. im mm) %f%znzz.btf-*smxfo?> 0 
[0104] ttz, ^mL(D^mr^x\^r%/mm^^x. w$L\^wm 

•f^fcfclCknobs-into-holes (¥f%2001-52397lMffiZWftttZbi>%X.bfl% o k 
nobs-into-holesli, ^ ; rwfr3"?—Mf&&®:MU K^fr^— ffl~f 

z>&\^ m-(D^v^^(D^mbm=-(D^v^y°^<D^mx^Mm^nm 

^A-r^)*^-Cfc5^ % «^(CflJffl1-^ii:^-e^5 o knobs-into-holes«^H 
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[0105] w»» mm^cDRm^t4^(DFRmm^oxm^hx\ ^„ 
tot, *%mKio^xr&&i{mirzT$;mimtLXiz, mmmztizbv 

[0106] %%%Xhtl& *%W<D%m\Z-£<>X£&Zm®Uz.\, >0fMOsc(Fv)2^oV ^X 

^^Ltcn<Dm(DM-m^m^xm&^r^/mmm<Dmmm^^ti!)^ 
[0107] mati. g&Ltd&<DFR<Dftm\z.& ^xmm-z>T$/mn&(D McW-mtLx, v 

H±m9MFR2fci$)<Dy/V9VAQ)b, *@*Kg$10 -rSVL±©38^0(FR2^^) 
<D?/V#VAQ)*mf Z>Z-b&X%% 0 £b\Z, VH±<D45MFR2)(DuJi/>(L)b, ft 

g|H4(D^y/^-yy^^oV^(i, KabatbO^«fe(Kabat EA et aL 1991. Sequence 
of Proteins of Immunological Interest. NIH)&##{£L"£V<5 0 

[0108] z*ibT%;wmm\% thteiv^vx\zte\^xnmz&ft&thx\^btf%\bti 

TV>60. Mol. Recognit. 2003; 16: 113-120)£&&^ 0SJfeWZ;*1-sc(Fv)2£W©s 

c(Fv)2{^ov vtt>* ±BTt/Bttiattc#*r *T Vi»attrafe«f 5iilcJ:o-c 

[0109] [^mmii(vy^-i)[^mm]Qjy^-2)[^mmm](vy^-3)[^mm 

41©JIt?&^V*$sc(Fv)2fc:*3l^ single chain diabody^^^j'fr&if^-fr 
[0110] ttsc(Fv)2l^*5V^T, bivalent scFvM#£C3^W:, W*«#li:'Br«««2<0£ 
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[oni] ^ S c(fv)2k&v^ *i$mmb*!£mm&£itu fr^%mmtn%m% 

[oii2] mc(Fv)2\z^x^^mmt^mmm3^^Lmmmm^'rmm 
[oii3] msc(F V )2K^x^^mm2t^mm4^^Ltc^(Dm^mirmm 
[oii4] t.rcA^mmiw^-i)[^mm2](vy^-2)[^mm3i(vy^-3)[^ 

^M^O)W-eM^-eV^Ssc(Fv)2^^*5V^-C, bivalent scFvM^*#J^»$ 
[01 15] ^sc(Fv)2l^*5V vf, single chain dmbod y mft&ZZ>m&\±. ^I^mt 

-rs^) , ^&mmmmj&Lx\^T*;&mmmm%%mAirz> 0 

[0116] &sc(Fv)2K:}3l^ W»$l^£SI#c3;&S£-£U ^OPr«$2£«T£$i$ 
[0117] ^sc(Fv)2(C$3VNT, Rr^^liBr^^37)S^^L7t^(DM^1-SfflP^ 
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mmmmm,x^%T$;w*mmmmmAt%o 
cons] mc{Fy)2K^x^^m2t^mm^^uc^mmm^irmit 

[oii9] ur\z^ xmrnftm^-rtK z.n\mfc$tiz>h<Dx\zft\,\ 

[0120] Mx.tt, [VHl]yy*-[VL2]!;^--[VH3]lJy^--[VL4](^)lll(C^/ ( y-CV^sc(F 
v)2tC}oV vC, bivalent scFv?Q<D&\&ZWJ>£-®X \ single chain diabody§!<E>ff>J-g-$: 

i#;bp;**5w*, mz.tf, vHitvL2<Dfrmzfc}&Lx^5T*;mm&zmm<Dm 
m%~rz>T%simmm&u vh3£vl4<d#s£7iml-o ^r^/mmmzm 
mvnmft-rzT^/mmmx&'DX, vHitvL2\mMsttr^mmmtR%\. 

*.« * vHitvL2<D^m^mm.x^T^mmm^^^Mm(Mnob; 
m&u vH3bvL4mmmmLx\^7$mwmzM'\^mm(hoie; &m 
\m&-fz>o z.<D£?tmmz.M, vmb\^2<D£&&£xj^zbvLi<D£&mm 
u ^o, vHlm4<D^^J;^m.2tvH3o^^^q]{^^lJL^v^J;9(^(^v^«^JE 

[0121] [VHl]y>-*-[VL2]!J^-[VH3]yy*-[VL4]©MI^^A/-CV^sc(Fv) 
2fc:f3V vt, single chain diabodyMW^J-a-^^^ifC, bivalent scFvM<E>#J^£i# 

jn^sKf*, mi** \MibvL4<Dftm*Mf&Lx^zT$;mmmmn<Dmffi 
m~rz>TK;mmmm&u vh3£vl2<dm&^$l-o ^T5.;M&m%mm 
<Dm^^i-^r^mmmxh<>x,\niibwLAKmALtzT^mmmbR^L^ 
^nffi(mL<ttmft&<Dhzm)mttTz;mmmm&*fz> 0 tit, m*. 

\mibvLA<D^mm^Lx^r^mmm^±^mm(Mnob; 
mu vmbvL2(om^^x\^r^mmm^^Mm(hoie-, %m)\z. 

m&~f%o Z.<D£otm&fc£*), \MlbVL4<D£&&£XNmbVL2<D££%WiimL 
, a>0 % VHl^VL2©^^^iIA^^3tVL4(D^^«l$^JL^V^J;5^(fc5V^^^{Eii 
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[0122] *5IWW*U^fc*3V>T > gJLTO(l)38iUR(2), *fc»(3)*5iV(4)©7 

$;m&&&, mm<Dmffimtz>T*;mmmim&tzxm^t?, s C (fv)2E$ 

[0123] i$b\z.*%w\z. ut<d (i) (2) ©v^^^*<Dr$y^S, Sfctt (3) 

(1) sc(Fv)2(DVHfc1$*tlZT$Mm&Xh^X, S$©TV$iE?lj£:}ott339& 

(2) sc(Fv)2©VL(i:^*^,T^^S'efcoT, S£*©TVSfcSB^:fci:t538#: 

(3) sc(Fv)2(DVH^^^T V^aS-CfcoT, McDT^g£gB^JK::i3tt£45& 

(4) sc(.Fv)2(DVUCiS*tlZ>T^;m®mXh^X N m^cDT^/^ga^J lCfcitS44#: 

[0124] ±ie (i) ~ (4) Kiem<z>T*/gfca&tt, i® ft, fchfcJU^XtCfcV *m 

(D^/i^XQ), (2)^/p^y(Q), (3)o^>y(D, (4)"/nyv(p)-efc5^ 

x^xw mx.\*s vL±o7^mmMzmihzm^^~$-z>7$.mk\,x s tj>© 
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I 



if, J. Mol. Recognit. 2003; 16: 113-120) fcaWRfSiWCW, 

sc(Pv)2©i«^«ii«i^^«««^si^^LTv^T$ya^a»,« 

»*^*T§/WWtfcWir5^-C, sc(Fv)2MW©^£;ft,5«^JItt 

[0125] *||P^fisc(Fv)2^»(Dy^-X(4/&^^*W!;^--W^^^ISfi-r§i 
fcWtf, sc(Fv)2M^4 3 ^5tMttft:©f'J^iWlfi-r5^^iiW1-5„ 

{c^v>rw«^yy^-ttt,sc(Fv)2*s[w^^iBy*-i)[^^«2](iJy* 
-3^w«©yy*-^»),y^-2^tF*©yy^~i:5fc5 0 

[0126] AftWfcWU W«8©yv*-«rO~12T^/»iL, tp£tf>yy;*7-£l0~307^y$ 
£-r5r£K<fc?k sc(Fv)2*fi$W©single chain dkbody®©Jfc4^J!jP*-3::is&S 

Z^tKXV, sc(Fv)2m$W<Dbivalent scFvM©tt^£i#^$*5^Si^&6 

o 

[0127] ^wttw^y^-xtt/xv^^y^-^ssriia-rs-i: 

single chain diabody^©^ltW80%&± % #f£lXf290%^±, ®\m 
*L<tt95%^±©sc(Fv)2m^^Stit1-5*&?rfttt-rSo Sfe^ #»WI4, ffi 
$<DV>*-X}Z/RTfi$&<Dyy#-®&£&mM'rZ>ZkK£*) y bivalent scFvS 
<D^ifc«80%^±, »4UH:90%^±, §bl!l»*L<tt95%^±©sc(Fv)2 

[0128] ^flcWttt* ^«©y^-^0~12T^y^L, *3fe©yX*-£tf~10TS/Sft£ 
i-5ii^.J:«9, single chain diabody^©^Jt*^80%i^±©sc(Fv)2jfe^^ 
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i 

10T$mttZ>Z.b\Z.M, bivalent scFv»^itW80%^±Osc(Fv)2M^ 

[0129] sbi^ «^fi, sdFv)2wy*-m&&®m-rz>xnzit;ts , sc^m^ 
[0130] *%wiz&^xyy$-i$ifLb\x Ts*~#£wy%-&®m®$rSAstm& 

[0131] £©2fifcH:, ?w?h?77>(—mz.3:Z>sinde chain diabody^L bivalent scFvSJ© 

^xi^yy^-^^m^itmmmwmmm^t^b^mxh^ 

o 

[0132] single chain diabodyS^bivalent scFvS!^&#*|jg#&£to&^ W&tt&KM 
^my^-mL<D^h\^flM^(DTy^-m^^Wr^fltzm^. single chai 
n diabodySibivalent scFvM^tt^llflftO^riMfc^SIV^^o 

[0133] Afrwicw:,sco^)2^»*i](y^-i)i>r««*ac>>'*-2)[w««*3 

](y^-3)[pr^^4]cD)(g-t?MA/-ev^#^, bivalent scFv^-Cli, 

tcm<Du^^m^fi^b,^<D^m^^^xitw^^x^L 

,^^0^1t2d^^5scFv^^^«3^45&^'fc5scFvO2O(DscFv^^)||§H^ 
, single chain diabody§J-myy#-l, 2*fc»3©V^T tt©y^*-«Wat?§l»f* 

OscFvt^fi-rSit ttfcV * (H4# jft) o 
[0134] Ifot, bivalent scFvM"Ctt3oOy^— WL<Dv%\ vf fta»io©y^;&— SfMfc 
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fflflfi&f$fetl&&* single chain diabodyS!"ett3o©yv*-JfWa:©5t»V^1" 

[0135] EJLbDJSfc, sc(Pv)oyy*-|^©5*>©lo*BI**^^0»fU, 

jftMNgrJttH" £££K«fc0, sc(Fv)2^single chain diabodyS, bivalent scFvg!<E>V vf 

o 

[0136] AttWfctt, 

(a)sc(Fv)2W#l*(Dsc(Fv)©y^-»^KfT-rSXig, 

[0137] -$Ksc(Fv)2<pyy#-|H5#W\ S&fci&SrftoTV vfcV "fxifT—Vm 
<D^%%tf^X^bfr&btlX\^(Hoedema.eker et aU J Biol Chem. 1997; 27 
2 : 29784-29789) 0 yy*-Sr9Ill^t-5*^feW:#^^:l»£*i^ftV^*^ B**fcJ:5ijO»r 

*fc£ftft&&fe©-et>,fc<, S«#"T?aWitf, yy#-<£«fg*75/&K?iJKJfoi: 

TaE^r^W* WC*>5. 0>Rtf> "fey^O^T-^UT, Arg, Lys&g 
^^K-^^K^N«©pGlu^S^#M^i^P*^^t°n^/W-hT5 

[0138] awsnsy^*— o*tti»^s*i5 , t>o'T?ttftvNAs, io-ejb5it^4u\ y 

[0139] X, «i«©4^©^**fc»4«BBW)M*tt, RrWB*W©***tt^«r 
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i 



»#Lfc**»*T$£*##SU, mx.it, native pag8^^«|^«rffiV>5i 
[0140] £ri\ *«W«rlUfi«^0$?>l!:AfrWtttifl-r5^, :«WH£ft6>*JWlfc: 

[0141] [£Jfc#|l)VB22B sc(Fv)2<Dmmmft<VftM. fcWffiHtfftt 
1-1. ^tthMpltn:#:VB22B sc(Fv)2£>ffcK 
JrithMpI^VB22B sc(Fv)2tt, PCT/JP2004/18506(®B&£MWO2005/56604) 

VB22B©^t(t: Rfa^lfeDNASr^i3--y^U y^#-ffi?aj(GlyGlyGlyGlySer)x3 ( 
m^m^-.D ^-V-T^mmniSXmLAGmn (AspTyrLysAspAspAspAspLys 

) (E»*:2)^-K*$«»E»BVvt, vH-y^-E^j-vL-yy*- 

) Sr*#oJ:5*DNASrf^KLfc. i<DDNA^tf-£&^^-pCXND3{^p-^;y;/ 
LTVB22B sc(FV)2*^^-Sr«*L, CHO-DG44jM£itfc^agA-r<5^ 

t?, %mmmmmftMLtz 0 mmm, m^t- (25 M g ) k?mmw^ 

fcCHO-DG44)NBJia(l X 10 7 »/mL) <£0J5mL£^Lfcfctf>£*±^10£f^M 
U ^-^-^M^Lfcm^Gene Pulserll (BioRad) £fflV^1.5kV^ 25 » FDO^MK 

fofcM$$&, 500/ig/mL Geneticin(lnvitrogen)?r^tfCHO-S-SFMIlM(Invitroge 
n)\zM7LXmiU VB22B sc(Fv)2g£CHO»#£>l£i:Ut 0 
[0142] jj&V Z&mimmmk±m&toM VymmW (PH6.8) "C¥*ffcLfcMacr 
o-Prep Ceramic Hydroxyapatite Type I (Bio-Rad)#7ix(C;Mj\ 250mM })>t&Wtffi 
*(pH6.8)"CS»WH^mbfc. &fflW#fci\ l8^«»fflV*T*W«, HiLoad 
26/60 Superdex200pg^7A^ffl^^r^/^5j©^5'^-r^^7^-^^TV\ ^Mtf^J 
70kD~40kDKffi^1-3M#£#SxLfCo Cltf>Pf#£r, 50mM Tris-HCI(pH7.4), 150 
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mM NaCl, 0.05% Tween20T^ttLfcAnti-Flag M2 Affinity Gel (SIGMA-ALDRIC 
HliJyMm^tt, 100 mM Glycine-HCl(pH 3.5)-Ci§WS*fc. *WW#ttU jfi 
IplClM Tris-HCl (pH8.0)"CtF fPSrftV \ HiLoad 26/60 Superdex200pg (Amersham- 
Bioscience)#7A£ffl V ^/l^iE^vh^^-Srfi 1 ofc 0 W6ii^nvh^9 
y^-W/^y^T-W:, 20 mM&m (pH6.0), 150 mM NaCl, 0.01% Tween 80*ttffiL 

[0143] 1-2. VB22B sc(Fv)2©«3gHtt#<0^1i 

VB22B sc(Fv)2f*VH -linker-VL -linker-VH -linker-VL <7)BB^J^^-t" ; 5sc(Fv)2-e 

12 3 4 

tVL % VH tVL ^iVPJlFvSr^^-f Sbivalent scFv3U\ VH £VL , VH tVL 

2 3 4 1 4 2 3 

^n-etVFvSr^i-Ssingle chain diabodyM<02«^<D«^||ttft##frf 
*e>*t3(Bll). VB22B sc(Fv)2<D*3tMtt^^il^f*Lfcij$m, TfB«>»fi 
^T^^^lfc^^r^;^— MONO Q (Amersham Bioscience)^ I ^5 

mhftA : 20mM Tris-HCl, pH8.0 
#SWBB : 20mM Tris-HCl, 500mM NaCl, pH8.0 
fifiii : l.Oml/min 
?7i?^yh : B0%->B35%(30min) 
[0144] ±|B^^1-J;«P, VB22B sc(Fv)2f44o©f-^{C^|ltLfeo B2HlJ3H-J:5ft*nv 
h^9A«S#t>*U &#l$[fflCDMl>fc°-^^;ft^tK pre peakl, pre peak2, peak 
hpeak2<bfr;fcUt, 

[0145] peakl^.tI ? peak2|CMbT, Q-TOFMffi;##rtr(Q Tof Ultima, Micro Mass)(C, In 
njsiontCTTO^^^AL#t 5 tlfc#lE^^^^^h^(+)^#JSy7h(MassLynx 
JSrfflV^^ayjKya-^aySrfifofci^Mx *iVeil©^*ttpeakl;54115Da, p 
eak2;541 12Da-?fcofc:fa^ peakl<bpeak2{i|^-©^fi:^-r5i^^^ i o 

[0146] VB22B sc(Fv)2{i^#Jq^V ^ *fcpeakli:peak2H:P|-OT^/|ft-ftE 
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ttZZtfrb* peaklipeak2ttfl|3tM^(confonnational isomer)T*b5Zb&&1& 

[0147] 1-3. VB22Bsc(Fv)2<DMmmfr<DMmtkfe 

VB22B sc(Fv)2ttVH -linker-VL 4inker-VH -linker-VL <D|B?IJ£^1-5sc(Fv)2-C 

12 3 4 

hZZtfrb, FviVH.VLmXft&^&Ltcft? )<Dm^t>^[CX<0. VH bVL s V 

1 2 

H bVL ^tl^tlFv^M^ ^bivalent scFvlk VH bVL , VH tVL tf^tl^tlF 

3 4 1 4 2 3 

vW^-fSsingle chain diabodyS©2«m<A*^Mttft##£1-5£M£;i'l^ 
[0148] ^W^J;^2a^#fjt^fr^|RlSr^*f&i:L-C, -TuTT" mfettM 

AfcfflV^ WT»^#"epeaklS.t^peak2&U f VB22B bulk (peakl : peak2 ~ 1 : 3) 

20mM sodium citrate, 150mM NaCl, pH7.5 
VB22B sc(Fv)2 peakl or peak2 : 0.14mg/mL 
Subtilisin A : lug/mL 
37U 30min 

[0149] ±iEtf>&J&^ TrisGlycine SDS gel 12%£ffl V it^SDS-PAGE£rfTofc„ 

ijgjl^ VB22B bulk(»igMW5>«lff) , peakK peak2«V^tlt>P)«0/^hV^ 
-V£^Lfc(|g3) 0 VB22B sc(Fv)2m®ffiW>%-M<D%)Wr\Z£?>b&t>tlZ> 

&mft<D®mfc<yh°tmb}itcz.kfrb. ±m^mm^^tx. vb22b 
sc (Fv)2(D])y^-m^mmK^m^m^^x^^tm\mLtc 0 

[0150] 2TOo«igM^^*5v^, 3@@f»y^-wtp-ei©0f»§]er^^o^ 

hain diabody§Jtf>#figfC:fcV^k}: % 3@J^<Dy^#-<D^ ^<D<Jy#-{^»r^jg 
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^oXh^n<D^mmmt^b^^K bivalent scFvSK&V^Ttt, <F 

IBH^^IilitJlflJ^-^f^y^-^^rtfc, VB22B sc(Fv)2 bulk, peakh peak2 
£TSK Super2000(TOSOH)^fflV>ry/^6j®i5 r crvh ; /77>f-^>Pf?rffo^„ >f>V 

: DPBS(-) pH7.4 
JjfEii : 0.2ml/min 

05K^f £5f^ peak2-C^teOTS©t-^^^<?t^$tl/j:d-ofeO 
K*tLT, peaklttiS^M^^O^^*)©^-^^^^ peakltpeak2 
(Dm&®X*hZW22B sc(Fv)2 bulkte, peaklO^ftifc^ffi^-f 5*^<SOT*(0 
If— ^?|f8.$;h>fco £oT, peakl ^bivalent scFv§^ peak2«single chain diabody 

[0151] -m<D^mfc£<0, VB22B sc(Fv)2(C^1-5M»#£#f$U ^Wig^ln) 

fco tfc^t^&^P^^^-Ofc -^ffi^ri^ VB22B sc(Fv)2{C-g-^-r^bi 
valent scFvfflfigisingle chain tobodM&0ffl£&&i&tt&*fe*fafc^ 

[0152] 1-4. VB22B sc(Fv)2(Ofl|^M14frW»©Wffi 

*fcthMplft;ttVB22B sc(Fv)2tt, (Blood 2005;105:562-566) ^fcV^TTPO^ 
Trf-^h^tt^1-^^^«^$H-CV^5o ^--e, TPO^«ii5jl^i-BaF3-h 
uman Mpl£fcteBaF3-monkey Mpl?^ffiV^-C5)'«ILfcflligmtt^cOTPO#rd r ^^h 

[0153] &*»jl&£l% Fetal Bovine Serum(Invitrogen)£r£ti>RPMI1640 (Invitrogen)-C2[HlSfc 
WVk&, 4xl0 5 cells/mLt^«J:5l-10% Fetal Bovine Serum^tfRPMI1640lC^^ 
U 60 m L/welrt?96well plate \Z.ft&Ltc 0 rhTPO (R&D)^ctt«5tM14^y^/V 
vmmzm. #wellt;:40At UP*. 37t;, 5%CO ^T"C, 24B#TO*Ut> 10/z L 

2 

/well-CWST-8^(Cell Count Reagent SF, ^y^^)^^ jS&MBenchm 
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ark PIusSrfflV>T450nm©»3tft(»fl8655nni)«:il|^L, 2l#ltli&f|ftfcU W#450 n 
m<D!R3teg(#J!a655nin)&89£Uto^^ 

[0154] #*[tfcVB22B sc(Fv)2<ftfl?j£Mttft£fflV >T\ BaF3-human MpK BaF3-monkey 
MpllC^ttSTPOfilr^^h^WMUc^m^n^llle^^-roPeakltpe 

r-t/O s Kb/!i^-^ofCo -CD^^^, ftMpimttsc(Fv)2am>O^T^~*hf£tt£ 
38fF**5fc*K:H:» single chain diabody©«3iS:lR5^S#*>5ifc*S^lftSnfco 
[0155] [Hii01j2]hVB22B u2-wz4 sc(Fv)2©#3gMtt^©^JH, flHSftfe *J*WSttff 

2-1. tMb^lfchMplfei:^hVB22B u2-wz4 sc(Fv)2©f^$St 
2d6fllT?ft*LfcVB22B sc(FV)2© bT««*©71/-A17-^«(£JLT, FR)^ 

y#-E?U(GlyGlyGlyGlySer)x3 (E?iJ#^: 1) <Sr=»-K"t S^fiSEJUSra-Kf S46 

SEfli&JB v >r , vh - y^-E^j- vl- yy^-E^J - vh - yv*-E?iJ - vl 

-Cffl^ftSl&SE^J (E?>J#^ : 4) £^ JSftfcfc^fcfc&Jtf fc, 50base@& 
<D-^^y=fDNA^20basee^^^y *VX^5 » fcKttU -tlb^J&tlJ 

#bn^^^»^i»Bji&^m^^(-^jfe^i-io^t^{^a^^ 

HMfc £^»acHO-DG44»jaac©f^«*frV^, ^*±«fSr@JRL^ tWfcffi 
#: hVB22B u2^rz4 sc(Fv)2{*Flag^Sr#*PLTV tf£V *ZtA*b* %&t±titd#><Ott 
mt, VB22B scCPv)2*S»aW 5^t°h~:/^fc5MG10(thMplT^y$E?IJtf>Gln21 
3A»feAla231)tGST»^S fi^SrflJfflLT^To^ MG10fcGST»<a-£ fi®©»|lH4 
% Glutathione Sepharose 4B(Amersham BiosciencesltSijSrffiV^T^ ^—fl—O^fxi 
ba-MZ.ftoXttmJZ. SfcfcU ftSSiUtMGlO fcGST»^fi&KSr^-*-©^ 
Ph=J— ;H^ot 4 HiTrap NHS-activated HP(Amersham Biosciences^^) tlSS 
ftlU r7^=?V;fr?A£ffcRLfco tMk*tff hVB22B u2-wz4 sc(Fv)238mCHOjji|8 
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»OW±«f*MG10^STiB#aeOTSfl^?Afc«U tWfcftfc hVB22B u2 
-wz4 sc(Fv)2£M£itr, lOOmM Glycine-HCl(pH3.5),0.01% Tween80-C$tti&-£fc 
„ ^fflW^iSgfeinM Tris-HCKpH7.4)-Ctpfb£fTV\ HiLoad 16/60 Superdex200 
pg(Amersham BiosciencesttM)^V , >ry/V'6)©^nvh^77-r--$:ffofCo ^ 
5^n-7b^7:7>f-tf)$»#cii, 20mM^a^ifca«?ft(pH7.5), 300mM NaCl, 0. 
01% Tween 80*ttfflL&o 
[0156] 2-2. hVB22B u2-wz4 sc(Fv)2(^#tjt^tt^(D^fi, feS 

hVB22B u2^wz4 sc(Fv)2{2VH -linker-VL -linker VH -linker-VL ©EJUSr^Tf- 

12 3 4 

5scCFv)2-C&Sifa6^, VB22B sc(Fv)2^P#(^fl|^llFv(VH,VLPfl-C#*^^ 
bfc^^)<0»*#fc>*lCj:9, VH £VL , VH fcVL «^nFV**riM"«Mvafe 

12 3 4 

nt scFv^t, VH tVL > VH fcVL ^^flFv^M^ ^single chain diabody§!<D 

[0157] hVB22B u2-nrz4 sc(Fv)2<D*^ttft^#lt£$f^fd&3t : , i#y^PV 
f^^-BioAssist S(TOSOH)&fl!Vvt\ TIB0i8**fHc.WhVB22B u2-wz4 s 

^IbfBA : 20mM sodium phosphate, pH7.5 

#IMlB : 20mM sodium phosphate, 500mM NaCl, pH7.5 

: 0.8ml/min 
??i?x.yh : BO%->B35%(30min) 
[0158] ±fB&#(CJ:»K hVB22B u2-wz4 sc(Fv)2«2o^k°-^{^fifilL^o mnc&ir£ 
W&whyjMmbtl, fc&ftffltoM^—PfrttMifc, peakU peak2tlfa 

[0159] peakl&tf peak2£MLT, Q-TOFMK ftftffifKQ Tof Ultima, Micro Mass)£ffl 
^X#*m<Dm&&fto1to Q-TOFtinfuaonKTfW»«Sr*AU 

peaklO^-^StL-C53768Da, peak2<D#^-l±L53769Da£#fCo ZOZhfr 
peakl £peak2l*|iy-(0#^M£#f-5w,WS#a>ofc 0 
[0160] peaklS.t;peak2lcML-C, ^/^KvytfV^fcfTofc. jItc^, carboxymethyl 
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-ODS) \M^-y°^V^yy°^ntz 0 Peakltpeak2<D-<y°^^yy°^itm,tct^ 

[0161] hVB22B u2-wz4 sc(Fv)2ti«|^#*P^^< > peakltpeak2ttTOF-MASSSJ^{^J;S 

peakltpea^ 

, peakltpeak2liSV^C^^S*^3a?rWt"^*itMtt^(conformational isomer 
[0162] hVB22B u2^vz4 sc(Fv)2teVH -linker-VL -linker- VH -linker-VL (DWM^-f 

12 3 4 

5sc(Fv)2-C;fc5^>ib, mU^irb%><0, «it«Fv(VH,VLK-e#**^L^ 
^)<^m^-^^-frl-«t!9, VH bVL , VH £VL ^^iimFv^^l-^ bivalent scFv 

12 3 4 

Mt, VH bVL , VH £VL /^ftWFvfcMI-Ssingle chain diabodyM<E>2<ffi^ 

14 2 3 

<£«j£Mtt£M S; frfeU peaklfcpeak2te^;h^;IXbivalent scFv^isingle chain diab 

[0163] 2mm<Dmiitmfrzm7jL~rz>ftVTmtLx, yn^r-^mmmmmLtc 

o sc(Fv)2tf>yy;*7-gB#kJ\ &&m&&tmm®^X^5tz}by°v^T- j eKtt 
1" 5»t£«V>£t?LP>tu ^n^T-ifO-a-e&^subtilisin ASrfflVvC, £*T<A 
&#-Cpeakl&tf peak2.&.tftiVB22B u2-wz4 sc(Fv)2 (peakl : peak2 ~ 1 : 4)bRfo 

20mM sodium citrate, 150mM NaCl, pH7.5 
hVB22B u2^wz4 sc(Fv)2 peakl or peak2 : 0.15mg/mL 
Subtilisin A : lOug/mL 
3FC, 30min 

[0164] Rj&m , Phastgel Homogeneous 12.5%^ V vC, 3i^cSDS-PAGE£?Tofc„ 

hVB22B u2-wz4 sc(Fv)2 bulk, peakl, peak2l^-f tlhffl&O 
V^Lfc 0 hVB22B u2-wz4 sc(Fv)2<DMffi<D})yj}— %&<D$)\tiHZ.£. 

Z> b&frtiZ&mft <Dft&toft/<yh*i!)mb*itcZ.bfrb, _tfB£JS3MWB v ^ 

bX, hVB22B u2-wz4 sc(Fv)2<DV>% &<>mfe&)\Z.ftteXZZ>Z.b 
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[0165] bivalent scFv5!£single chain diabody»fl|jfifc:fcV v-C, 3^<D?h<D})yJ}-<D- 
®ffi<D®M#&Z<i1tm&. ®4Km-&K, **tt^*-Ctt» VHkVL<Dm<D# 
^Wftl^lcjtfsingle chain diabodyilO«-it{^V>Tft> So^S*)©^!^ 
*-\Z®mt)m^Xh&m<Dtt?mmmkfr&Wj:\^k bivalent scFvM 

•f^o *rC, ±SEK^#^J:t)^W(C!Jy*-Sr§J»rLyS: > hVB22B u2-wz4 sc( 
Fv)2 bulk, peakU peak2£TSK SuperSW2000(TOSOH)<£rfflVvry/l'5$:?n-7]>?'7 

: DPBS(-) pH7.4 
: 0.2ml/min 

HlOfc^-JMSfc, peak2^C43V^r^i^£^i t ■a:^t:°-^^^ : < ^ i|iJ$^ 

Hfco peakltpeak2<D^^-efc5hVB22B sc(Fv)2 u2-wz4 bulkft, peakltf)#£it 
\m%1rZm<Dmft?m<DK°~?tfmM£tltCo £oT, peaklflSbivale 
nt scFvMXM, peak2#Ssmgle chain diabody^-?&<5£|^$tl/fco 
[0166] 2-3. hVB22B u2-wz4 sc(Fv)2<DMfeM&ft<Dl&&feVmi& 

hVB22B u2-wz4 sc(Fv)2,M#8|tUtpeakh peak2.&.lftiVB22B u2~wz4 sc(Fv)2<D 
1fe&fe&<D$?M%&>T<Ob&*)?f'?1to Biacore 3000(Biacoretfc$Df£Sensor Chip C 
M5(Biacorett$SD£g*U 75y#^^j&fcT2-rcij*UfcMG10 (fchMpl<£>Gln 
213^bAla231iGSTj»^® SK) SrSfefbLfc. S|)t09^y^5/77-l4HBS 
-EP BuffeKBiacorettliD^fflL, M1320 n L/minfcUfco HBS-EP Buffer (CM, 
ioi^S nM55^150 nM|S^(£6£<D$fc&;5<fc9£, tMbVB22B u2-wz4 sc(Fv)2 
bulk, peakl, peak2£P$!JU «©MG10|l5£>rb-fe/W^ ^ftbOf-^/l^tl 
^ 2#|ffl^LT*^tf^fcfcl;:, ffltftl^£m»«Lfc < MG10-GST 
j»^S6K{£>l£-p*UtVB22B sc(Fv)2« % 20mM HCl&l#|ffl»2jqi/C|Jfc*U @Jt 
-fk-fe/V^S^LfCo flWlfc-feJ/lf— PJMX*)* BIAevaluation ver.3.iy7h^mT(Bi 
acore|t$!D£ffll^ Bivalent analyte model&MU 
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/£$C(kd)£gfflUt> m\^ttm, hVB22B u2-wz4 sc(Fv)2 bulk, pe 

akl, peek2(DteMfe%.(KDM, ZMfl 1.02x10"* M, 1.24X10" 8 M, 9.92 xlO" 9 MX 

[0167] [^1] 





ka(l/Ms) IxlO 8 ] 


kd(l/s) klO 3 ] 


KD(nM) 


VB22B peakl 


5.86±0.06 


7.27±0.25 


12.4 ±0.05 


VB22Bpeak2 


5.71±0.17 


5.66 ±0.24 


9.92±0.53 


VB22B bulk 


6.08 ±0.30 


6. 17 ±0.23 


10.2 ±0.8 



[0168] 2-4. hVB22B u2-wz4 sc(Fv)2<D4#i£^t£#<D7:^*h®«# 

peakl&tfpeak2&'£fliVB22B u2-wz4 sc(Fv)2©T^=^h®tt©^ttSrfi : ofc 0 M 
lUZ^-fXoi^ T^7,bmmtm^M^mX±^<^'0. single chain diabod 
ym&<Dpeak2i>mmzM^T*~Xbmm^Ltc<D\Z.MLX, bivalent scFvftig 

xh^tz<D\zm.x, T^-xvmmzm^mitzo &*axmz#\^x\*m&m 
wtvftM- mmm^nx^t^tctz^ w&Mxmx2wm<Dmmm&fc 
<Dfflx&®¥ft%mmm%zz.k&m£titi 0 

[0169] *mMMlZ.*5^X, hVB22B u2-wz4 sc(Fv)2l^#1-3^Mtett£#fl£U * 

B22B u2-wz4 sc(Fv)2(C^Wt"5bivalent scFv#|ig£single chain diabody#fjg<D#f 
feg&fciDft&tkZfeMMiCftffii-ZZbib^mbft^tZo hVB22B u2-wz4 sc(Fv) 
2{C&^TIibivalent scFvfllittsingle chain diabodyflfig-e^T^^h^ttt-^L 

^m^tfh%z.kftttfr<Q, zht±<D%m%L<mmmmft$r&mvB22B u 

2-wz4 sc(Fv)25rg||fD^LTWIgi-§fc*(^i % 2«(D«jgMtt^tt®^S 
[0170] CH^J3]VB22B sc(Fv)2yv^-3S:^^(D«iiM^^#&it^^*5J:^jg^ 
VB22B sc(Fv)2{iVH -linker-VL -linker- VH -linker-VL (DBB^J^* v f6sc(Fv)2 

X 2 3 4 

-CfcS^tf^ »^ttFv(VH,VLra-e#**^Uc^^)<D^'a-^-Br^«fc«3, V 
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H bVL ^ VH bVL frZMtlFvZMffrf ^bivalent scFvS!^ VH bVL , VH irVL 

1 2 3 4 1 4 2 3 

d^tl^tVFv^^-r^single chain diabodyM»2TO©«iillteft^£-f 5£ 

[0171] fF&^y^-Sttiiddle linkentU «Oy^-Sredge linkeriU 012(^1" 
J;5ftmiddle Unkerfc^V Sledge Unker<Z>;g£tf>Mft$£«VB22B sc(Fv)2^®tL, 

JjyJ* : MONO Q (Amershambioscience) 

&W)ffiA : 20mM Tris-HCl, pH8.0 

^fMBB : 20mM Tris-HCl, 500mM NaCl, pH8.0 

itiS : l.Oml/min 

V^S^yY : B0%-^B35%(30min) 

[0172] -toijgm, 0i3^i-<J:5^, ftM<D%£<Dyyjj~\z.&\<^xmteM2\C7FLtcft 

&-t%Zbtfti$3fctto !)y%-(D&£!,Z.£oX, bivalent scFvStsingle chain diabody 

mmm^^m^bmMmw£vy^-^mni-^b^mb^<>tc 0 
[0173] '£*mxmx~\x 2^(Dmm&&ft<Dmmm%m, ru, fe&m#vfm&mz 

ffi-fS^teffiSfe&^ofc, Protein Engineering, 1993, 6(8), 989-995^Protein Engi 
neering, 1994, 7(8), m7-mzmz#\<^Xyy%-<D%&&l2SXT<D®&te.J&& 
irZ>VHbVLm±tt.FvZ]&f$.Uc<\ ^^H&ft SivCV »1ti>K *mt\z.£ 
•9, G5^G10(^*3VNTfS, ^•f ; 5VHtVL|^±^FvSr^L^:single chain diabody 

m<Dmmft&mft&mtEttzbtffti)^tc 0 -r^t>h, ^t^jy^j-K^ 
xi>2-D<Dm&(i-ti:fr-hmm&&m t^-r^mm^^h^ zvtzftm 

m& bLXsc(Fv)2m<D#1-ZM% W:» \c\Z, V ^fcSU y*~ fc*5V ^XhWfe 

2m<Dmm&ft?m%-fz>iz.Mz<>xmv>xmxfo5 0 
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[0174] mmm] m*y#&?wh?77j~ (source i5s) Kxmmmftvxm 
m 

Hii^j2-l-C^fflLfchVB22B u2-wz4 sc(Fv)2«^CHO»ll&©lglt±flW>bffi|!i 
fcfTofc, J8*±*B\ mWcC3«MC*RUfcll, 1 M»«"CpHS^.OfcH«ELfc. 

20 mM HflH-hy^AjHHR, pH 6.0"?¥fWtbfcSP Sepharose Fast Flow 
column(Amersham BiosciencestfcjBDlOMt, l^$»$"C#7.A£Sfc#^ RUfftt 
tpO M^^b0.5 M*-CroNaCl(OiiLij|«S^Ba-e, #?Afc!ft#Lfc#y^:/^K«$5 
WUc(^-Ig)„ #e>*lfcjIi#£TrisGlycine SDS gel 12%^fflV»fcjt7CSDS-PAG 
E"C#$f U hVB22B u2-wz4 sc(Fv)2$r&trW#&£i&fc. 
[0175] H-I@£>hVB22B u 2-wz4 sc(Fv)2iU#{^ 10 mM»yBMHfi& pH 6.8Tf¥# 
fcLfc/^Ku^T/WK*/^, 20 urn (BIO-RADfljSD^MU M 

miULtztK SDS-PAGE#tfr<Djj&£, £tLlbttl^r*VbhVB22B u2-wz4 sc(Fv)2-?& 
%Z.btfWM£tlfco BU4£K^Ufc«fc5H^ Superdex 200 PC 3.2/30 column(Amers 
ham Biosciencestt®D^raUc^#^6iil^J;l9, My¥-?mZtAst*fchVB 
22B u2-wz4 sc(Fv)2<D ; eyN'— -Cfe|9, %h<W— ^«hVB22B u2-wz4 sc(Fv)20^ 
-f-v- Kior^yy-hS^-CJbS^tdStai^ofc. Js*±«WJ* £©XgT?hVB22B u 
2-svz4 sc(Fv)2CD^y v-U^-Sr^-fi-etSi^^^d^ofco 
[0176] ^rX@-C#^fchVB22B u2-wz4 sc(Fv)2tf)^/v-jitfm, *f$£7k-C5{&» 
^Lfc^, 20 mM y^^hy^Ai^^, pH 7.0"C 5 F#fbUi:SOURCE 15S column 
(Amersham BiosciencesttfiMCiWj-, W&LWfcX%J I^$1»OT0 mM 

d^36 tMlr?m&ci<DWMm&fym:fr\tlt<D^ 2o©br-^Srft^Rt^* 

L*C*ttl$*5;fcA, - 0.36 mM -eNaClO*«Sr@£Lfc. BSl5lC**t*J:5H:, 2o 
0>hVB22B u2-wz4 sc(Fv)2(Dfc-^M£;ftfctf>^ f?l/NaCl0*&«:±rf $ 
bl^<*9AtcK*Lfc^y^y^K^ffiL*7Alrft#Lfc <) rtvt>2o(Dfc 0 -^ 
tt, 2-2-C^LfcBioAssist S^AlCtS^flrC, 5fc^mi"5;HVfc 0 -^peak2 
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[0177] *tMLfchVB22B u2-wz4 sc(Fv)2©peakl<!rpeak2ii, j|ffi£©SDS gel£ffl V ^XMtc 
t*»5cW*frT?SDS-PAGE^«fSr*3rJteofcfc5, Wf *Vf>#T-i;#j55 kDa© 
{fcjl|J:Vy^;W^yKtLT«^$H^(Ell7)e £b^hVB22B u2-wz4 sc(Fv)2©pea 
kltpeak2tt, 1-3-C^LfcTSK Super2000#7A[;:J;5 WSi®^nvh^7:7^-# 

[0178] £JL±it) , hVB22B u2-wz4 sc(Fv)2© g ift^S^igMttfr©^/^-©^ * 

[0179] C^^J5] VH/VLM&£Msc(Fv)2<Dm *^JItt##*lr:fcJ:t^£ 
5-1. VH/VL|fffi&^sc(Fv)2©ft^ 

HJfe^j2-Cf^|!iUchVB22B u2-wz4 sc(Fv)2(^T^ u2-wz4) ©VH/VLM£?M 
1-575y®TC&$VH©39# @ (W02005/56604OgB^J#^:289(^ia^(DT$y^ 
ga^UtC*5Jt^39<4) ©GlntVL©38# g (WO2005/56604(DSfi^J#^: 29HC|B|feO 
T^ymia^J^43»t543m(0Gln^^T»J;5l-LX3fe^Uc o u2-wz4}i[VHl]lJy 
[VL2] y^*- [VH3] y^*- [VL4] <DMlZT$;m})y$-mMG\yGlyGlyGlyS 

ER$tl5 0 VH1©39# g ©Gin (ift^^KyCAG) £Glu (it^^r-VGA 

G) [C, VL2©38# g ©Gin (Jt^^K^CAG) SrGlu (JUS 1 ?* 3 KVGAG) VH3© 
39# g ©Gin (jtfc^K^CAG) £Lys (jtfc^KyAAG) fc x VL4©38# g ©Gin ( 
itfci^KyCAG) £Lys (itfc^KyAAG) (;:«U-c«fc WB22B u2-wz4(vl) 

sc (Fv)2 (^Tvi % f&mmm&mim^ : sic, Tsjmm&mmtt :6\z&t) & 

fERUfc. VH1©39# g ©Gin K^CAG) £Glu (Jt^^K^GAG) 

VL2©38# @ ©Gin (jt^^K^CAG) £Lys (jtfc^fR^AAG) VH3©39 
# g ©Gin (jffc^K^CAG) £Lys (i££^K^AAG) Ks VL4©38# g ©Gin (« 
^3KvCAG)«rGlu(3t^^KyGAG){^8S:^Ucjt^hVB22B u2-wz4(v3) sc 

(fv)2 (^Tv3 % i&mimzmim^ -7\^ r^mumzmm^ •. 8\^-r) 

WJt 0 itfe^ ©#^f3QuikChange Site-Directed Mutagenesis Kit(STRATAGENE 
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mLtco Mcfcmm, m&^w-ttov g)^pBst^?3sucCHo-DG44iNajia(i x 1 

ICGene Pulser XceU(BioRad)?rfflV^1.5kV, 25 u FDCD^MKT/ VVXtttlto 

mmzxio£®<D®&wi®o^ x.utbvtfu-i'aytikmzhitMm, 500 » g 

/mL Geneticin(Invitrogen) Sr^tfCHO-S-SFMIIigife (Invitrogen) \zMtlX^l^ 
vl0^CHOiNllJia«*3<J;U ? v3m^CHOiiWI!a^^^Lfe o 
[0180] VH/VL#S3Sc^Msc(Fv)2ttFla g ^^§r#^raLrV^^V^it^^, lgH±^^(D 
mSSSft, VB22B sc(Fv)2«3|{-t-5^t ,, h-^fcSMG10(thMplT^yg6E^J(DGln 
213^^Ala231)^GSTili!^Sa«^J^LTffo/c 0 MG10i:GSTgi!^g6W©^M 
f$» Glutathione Sepharose 4B (Amersham BiosciencesfijSOSrfflV^ }—j3—(D'7 

uh^-Mmoxmmhtc ^tfcMGio tGsm-&&&n**~*~e> 

ypfn— MZ'&iX, HiTrap NHS-activated HP(Amersham Biosciences^®*) 

#<Z>J£3l±«MG10-GSTak3-g & W@Ste#7i^U vl£fctev3£@^£-S: 
, lOOmM Glycine-HCl(pH3.5),0.01% Tween80-C}§m£-&*:o m$mft\*WbKlM 
Tris-HCl(pH7.4)"C t Ffa^rtTV\ HiLoad 16/60 Superdex200pg (Amersham Bioscienc 

esmMzm^x^mtv^hyy^-zn^ 

*>m?tt-?hy77j-<DMffimtZ, 20mM^>mmmm(pH7.5), 300mM NaCl, 0. 
01% Tween 80£&fflLfc„ mim^Ltz?frZm?v^hyy7>(~-<D&%frtb, & 

£#vi, rt\*%m±m*xy-(-?-£x±.<DmMmmTu ^/^-vc^xm®. 

ttf<Du2-wz4<E>59%£itt£L-C, vl^89%, v3#*77%fcJ:#LTV^i/&SBj3^{-&ofc 

[0181] 5-2.VH/VL^ffi3$C^Ssc(Fv)2(Dfl|igMtt^«f*5iU ? lll^ 

mbfttcVH/VLftm&%ftXh5vl , v3fcJ:tf*&£ft^&;5u2^ z 4<D«jgJ| 
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#7i»:TSK-gel Bioassist S, 4.6 mm* X50 mm (TOSOHftlSl) 

fcfi3i:0.8mL/min 

$tt}$;6:220nm 

Eluent A: 20 mmol/L Phosphate buffer (pH 7.0) 

Eluent B:20 mmol/L Phosphate buffer / 500 mmol/L NaCl(pH7.0) 

Time(min) B% 
0 0 
5 0 
25 30 
25.1 100 
35 100 
35.1 0 

[0182] #n&18fofrWlft&T<Db&*)%MUto PhastGel Dry IEFy/KAmersham Biosci 
ences#3!D£^T©y/Mli^» 

icmUU PhastSystem(e:j;«3^TW^»^ft-e«^*»L^ 0 20%TCA^ 

fczx?^s-yk^ immyk^vk. 0 ?v>— sfc&-m, sk&$£L-co.i%cuso 

4 (w/v)£^rtf0.02%CBB£fflV\ &&£frV\ 10%^$^£f30%^/-/KCJl&&L 
tCo $8^&T?f2. Silver stain kit, Protein (Amersham BiosciencesfiSSDSr/EVV 3rs4 

Pharmalyte 8.5-10 80 /i L 
Biolyte7-9 10 m L 
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Biolyte3-9 10 nL 

20% Glycerol 2.0mL 

SAMPLE APPLICATION DOWN AT step2 OVh 

SAMPLE APPLICATION UP AT ste P 3 OVh 

Step 1 2000V 2.5mA 3.5W 15"C 75Vh 

Step 2 200V 2.5mA 3.5W 15^ 15Vh 

Step 3 2000V 2.5mA 3.5W 15t: 410Vh 

[0183] /nf7- mfe^mz£mmmfeimT<D&ft-emnuz 0 subtmsin a& 

fflV^T, ^TW^-Cu2-wz4M$!ipeakltu2^rz4)|tSIpeak2, &U\ 3fc£ttvl£& 

20mM sodium citrate, 150mM NaCl, pH7.5 
hVB22B u2-wz4 sc(Fv)2 peakl or peak2 : 0.15mg/mL 
Subtilisin A : lOug/mL 
37t, 30min 

[0184] nbtitcK^m^^M^^h^y^cxmrtDm^mLtc,, 

Column : TSKgel Super2000sw (TOSOH) 

Eluent : 50mM sodium phosphate, 300mM KC1, pH7.0 

Flow rate : 0.2ml/min 

Detection : 220nm 

[0185] m2o^^M2i^htzm^y^^^yy^-tmm^m^m^x^ 

Wt&&&fc<Dft$x%£%:frb, u2-Tvz4fi24%^bivalent scFvlk 76%/5^single chain dia 
bodymtLXmmm&&fc<Dm&®tLX%m.X\ WKtfLT, ft^ftvimOO 
%#single chain diabody^1f^gttft£LT38mLT:Jo*), 3fc£ftv3filOO%#bival 
ent scFvm<Dmm&BftbLX%&LX^5Z.t&frfr<otCo ££022^1- tm 

tl%i)*<z1tZ.kfrb. &^ftvl(4single chain di&bodym<DMm%&fctLX%msX 
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*50, &£ftv3|Sbivalent scFvMom&&&fcbLX%mLX\t^btm£tlfto 

[0186] mmm6}wH/winm^mso(Fv)2(Dmmm^^Mmm 

6-1. VH/VL|fffi&^sc(Fv)2<A£»ttfHiffi 

mmn^tio T^xh%m*mmmw$x*%<mmii\^t£?\^ sin 

gle chain diabody«it(D P eak2^^^C^V^r=^^h^^4^•r©(C^)■LT, bivale 
nt scFv#tit<DpeaklO^Mfe-C{£T1-5 0 ®23^1-t:fc»9 N 3fc^#vm P eak 

m3femz.te^T\>, &£ftvl#single chain diabodyflfJ^Sr, &»v3;&Sbivalent s 

cFvfli^?r«L-cv ^ t*mmtitc 0 

[0187] 6-2. VH/VL#Sefe^sc(Fv)20££ttffHiBi 

u2-wz4i|*iipeakli:u2-wz4iW$Slpeak2, &£Xf, «ftvlt&^ft:v3tf>3c5t14fp 
iftLT, ^^S^M'J^ (Differential Scanning Calorimetry)£fflV^*$^ 

DSC : N-DSCII (Applied Thermodynamics^fc^) 
}§i#3M$:20mM sodium citrate, 300mM NaCl, pH7.0 
^^KaS&:0.1mg/mL 

[0188] #DSCSiJS0^5rEl24^Lfco u2-wz4i»$peak2^£ftvl<DTm{fite*& 

&frtmmwx'hy, %femm^xhz>z.t&ftfr<>tc 0 u2-wz4*tisipeaki£& 

&WrttX\$, mi L &&fovZ<Dm&^^feB*^Ltz 0 knobs-into-hole WM* 

m v ^feiasfsaiPi^v vcwu mtfi g GocH3K^y<D^TP£3-(c& 

Wt, *efe^CH3K^^y(DTmW80.4t:-efcofc^[cMLT, &^CH3KpMVOT 
mi[^69.4t:^0^<glCTmfjS^^TtS^^i£Tb-CL*9^t^«^$nT 
V^(Acta Pharmacologica Sinica, 2005, 26, 649-658) 0 ZtlKftLX, %.%W\Z.$d 

[0189] Hfo^X, u2-wz41|t^peakliu2-wz4^peak2^J;UfVH/VL#S&^^-Cfc53fe 
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<mmm> 

20mM sodium citrate, pH6.0 
*y/^®*&:0.25mg/mL 
;&P8&ft:40't-6day, 12day 

[0190] m25\Cm-t t&V, 7/l'?)i®?whyy74—KkZ)ftffi<Dl&^ u2-wz4l»$!ipeak 
%~?b&Lb&flm$1ri1t 0 *.tc, u2-wz4ifc$beaklt«ftv3<^/^&#^ 

[oi9i] mmz&i-t&Q, m^^m^^yy^^Mm^ *%mvt(D 

m$SpeaklW;^bS^l-J;'3peak2(CMtt{kL, *Mft$$!toeak2iS||ttteKJ£ 

t^peaki tgmtwctDkttLx, vH/vLm&£frv\bvmmmmg& 

[0192] *mmi\Z.%>^X, vl *3J:^v3{CiiffiL/cVH/VL#ffi«^fflV S&iWEjoT , 
2am^«^»^^5^-*O^^«^Mtt^^n00%#^^^^S-Ct: 

knobs-into-hole &ffi£fflV^Bispecinc diabody<ft^£M1"5*"fe (Protein Sci 
. 1997 Apr;6(4):781-8, Remodeling domain interfaces to enhance heterodimer forma 
tion., Zhu Z, Presta LG, Zapata G, Carter P.)^*Pk;ft/0>5 0 ^©^-Ctt. VH/ 

©^^^72%^^92%^±#Lfcr<^^«^Lrv^S 0 *:tU-*fL-C, #3§WfcJ:4 

mm<DT^/m(\ni/vhmhtdoxmmm<DT^m mz 

feB&£XfM&g i &ft<D%fe&&®TZttZ.bte<, @ ltttf>«^£l00%cDJt^-C 
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[0193] mm® tMktftfcHL-6g*ft*tflc se(Fv)2<Dmmmoftm, mmm 

6-1. KHkmUL-G$:®Mift-sc(Fv)2(DftM 

Sato K.£> (Cancer Research 1993;53:851-856) KU$ft&&|VCV S&fcMfctftfcML- 
6S*<**tfr<OVHfcVL*ffl^T, y^-BS^J(GlyGlyGlyGlySer)x3(BE»^: 1) 

-E^|-VL-C«^*v5«t5t-^Lfcsc(Fv)2it^^ (T^y^g3^J;SBW^: 18 

EJlTK^So pUC19^^-{^^^M^n^;V^(mCMV)^y/N>'f---*5 
i^o^-^-.^T^^V^-^SV^mffl^yTx^V^^ALfc^ 

£pMC<hft£Lfco &K,DHFR-AE-rVH-PMl-f(W092/ 19759#Rg)W^i 
#H£(&te^i^*-£#fPtt-5fc&^ ftJUS^EcoRI, Sm&m&-efflfcU ^ 
??—M<D&.®1bLl,tcm^ EcoRI-Notl-BaraHI adaptor (Sjgii) £^n-r^L 
fc 0 i<D^*-£pCHOIbfr£L;fc 0 pCHOI<7>DHFRjtfc^^lH5{toCXN(Niwa 

Gene 1991; 108: 193-200) OMRB^^Neomycinftffiite^mfP^^pMC 
^^-(^AUc^^-<^^-^pMCDNi^Lfc 0 fltHLfctMk^th IL-6g 

sc(Fv)2%^?*-zmmmm'ew.m±\z.Ltc<D*>^ cho-dg44Hb 

[0194] ^S^SiWlia^O^tt^t^-t-i^l-L-Cftofco fflil&^«£;^a|AW\ Ge 
nePulserXcell (Bio-Rad) V ^l^b*7KW-^ayj£lCj:?>fTofc 0 
^*-£PBSldK$W t cCHOjfol]|& (1 X 10 7 iNBJia/mL) <Z)0 JSmL^-g-Uck^SrTK 
±-C105>WMU *r^5/H3£Lfc^U.5kV, 25 M FD^M^X^/^^X. 

tc 0 %n\z.xio#m<D®'&Mm<D'&, ^thv^-i/aymmztitcwm, ht 

supplement (Invitrogen) *m&$LX^lLs CHO-S-SFMIIigife (Invitrogen) 40mL^ 
well-C^-aLfco CO -fy3r^<-*-(5% CO )X°2mm%k&. Geneticindnvitro 

2 2 

g en)?r0.5nig/mL(^5«t5f-MLi:, 2MmmmLtc 0 IS£#JifH$£^«Wi|fc& 
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[0195] tMfcftth IL-6g£ft*n;ft tf>U(#PTotein UC^i-^tm^ LT, tMbft 
tl> IL-6gWft*ltt sc(Fv)2|§mCHO^j}aO^||_h^?rProtein L(Actigen|±$St) 
fc^Ub^KflfcU tHbtnlfch IL-6g£ft#Ltt sc(Fv)2£®*£ii:, lOOmM 
Glycine-HCl(pH2.7)«tli$-&fCo ^WW^WblaM Tris-HCl(pH8.5)T*tp?P£ 
f?V\ HiLoad 26/60 Superdex200pg(Amersham Biosciences-^) ^/j^T^-?)^ 

[0196] 6-2. tMfcftfch IL-eg&ftfttt sc(Fv)2W«^^tt^W^«l, m% 

tMfcfcfth IL-6g^t$nft: sc(Fv)2{2VH -linker-VL -linker-VH -linker-VL <D 

1 2 3 4 

E^J£^5sc(Fv)2-C&S;i<W^ »^!|1©VB22B, Hjfe^J2©hVB22B<tP^t 

1 2 3 

L ^^tl^FvSr^J^I-^bivalent scFv^ VH £VL , VH tVL &Ztl?tlFv% 

4 14 2 3 

M-fSsingle chain diabody^(D2amo*jgMi4^^^>t-5i;^x.^^(|g|l 
)„ fcMtint^ IL-6gW£i# sc(Fv)2<7)fltigM^^O^«I^WL/c^, TIE 
^^Hi^^T-CH^^^^^P^h^^-BioAssist S (TOSOH)^fflV^-ii- 

mm : 20mM Tris-HCl pH8.5, 75 mM NaCl 
fcftii : 0.8ml/min 

±IB^^^J:t), tMb^fch lL-6g£#in;& sc(Fv)2li2o©t °~?KftMLtz 0 

m27\^-rx.o^^v^j>>tmbfi. ^Rtp^&^e-^peaki, ^vm=°- 

^£peak2Wfr£Ut ) ll*fe{Cj:|9Peakli:peak2?ri|t$I-r^ir^T^fc 0 i»$!tf£©p 
eakltpeak2(D|l^^^^n-rhi/97^— ^■ ; WWi^^ia28^^Ly5: 0 
[0197] 6-3. tMbftfcML-6g£ft*ji;flc sc(Fv)2<Z>1*igJ|«<D|1^ 

^•©LfctHbtath IL-6g£ftin;ft sc(Fv)20peakltpeak2|*«^Mttfti:#;i 
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Mifcfc«>-e* 2nm<Dmmm&zm&'?%ft$rmbLx, mmmu 2, 3xmm 

sc(Fv)2<Dpeakl&£tfpeak2ta&£-£fCo 
PBS (pH7.4) 

kMbtrfcth IL-6g^ftfcift sc(Fv)2 peakl or peak2 : 0.05mg/mL 
Subtilisin A : 0.5ug/mL 
37^, 60min 

±iBKM, Phastgel Homogeneous 12.5%£rfflV^T, a§7cSDS-PAGE$rtfo^c 0 % 
029^1-^*30, peakl, peek2^i*frtm%i<D/W/<*->ZBLtc 0 
±mR&&mz&m%mVJy*~t&tiil>1Z, peakh peak2£^Ttf>&#-CTSK 

SuperSW2000(TOSOH)?rfflV^W6jg^ci-vh J /77^-^^fTo/c„ 
fMtttt : 50mM sodium phosphate, 300mM KC1, pH7.0 
: 0.2ml/min 

[0198] Z<D&%:, m30\^-TX^ peakl K*5V vm{£#^*£>f -^3£/^$!f8 
Sft&^ofc© K#LT, peak2^*5V ^ttfl&B* 0^#<D#^*) ©t?-*j&S 
W&ftfco .toT, ^^^^19, peakltfSsingle chain diabody§J-Cfc<9 , peak2^bival 
ent scFvS-C&5tlH££;ft,fco H27J:«JtMbfifcth IL-6£&fl#ift sc(Fv)2{Cfc 
^TI2peakl<mpeak2<D^i;;5S#V^<W^ fcMWftfcb IL-og&ftftift sc(Fv)2 
{C^Tflbivalent scFv§!#ij&ft-T?&«5, single chain diabodyffittW'*-— 
■ChZZttfft^tCo HJfcttltCi3ttSVB22B sc(Fv)2, fc^tf^^fcfcttShV 
B22B u2-wz4 sc(Fv)2K:}^-m, single chain diabody§WS£j&#"C&ofc^;^b 

[0199] CISftW7]tMkSitHL-6S*ft*t# sc(FV)2©«3t»tt*©j£tti¥ii 

7-1. fc|>g P 1303&mBaF3*|Bilfrt*, thgpl30/tML-6S*(*:*»SBaF33l«J&Hc©» 
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^fchgpl30 cDNA (Hibfe, Cell 1990; 63: 1149-1157 (GenBank # NM_002184)) 
%PCR\Z.£<9i%mU pCHOI (Hiratafe, FEBS Letter 1994; 356 :244-248)ODHFR3t 

2Zeotd^a-^y^L, pCOS2Zeo/gpl30£flltgLfco 

10Mg<^pCOS2Zeo/gpl30$rPBS|c!g^ty t cBaF3iWlfl&(0.8xl0 7 cells) KM&U Gen 
e Pulser (Bio-Rad)£ffll^T0.33kV, 950 m FD<D®m'?'^X%1)\\Z.tz 0 aci^pjK 
-W-^ 3 y^afCj;|9a^^#ALfcBaF3yNBJ!a^0.2ng/mLOniouse interleukin-3 
(Peprotech) , 10% Fetal Bovine Serum (WTFBS, HyClone)£r£t?RPMI1640*gJ&(I 
nvitrogen)-?— S^l^^L, lOOng/mLtDhuman interleukin-6(R&DX lOOng/mL COh 
uman interleukin-6 soluble receptor (R&D systems)*? J:T^10%FBS§r'g-tfRPMl 1640 
t%M*toxXmmU thgpl30|gmBaF3M^(WTs BaF3/gpl30)^#*tfc o 
[0200] 7-2. fcMbftth IL-6g£ft|att sc(Fv)2<D«£Mttft<DfcHL-6*ft^M 

IL-6^»limSr*1-BaF3/gpl30SrfflV^T, ^Tl^-ft*^, IL-6tpfPf£tt£ 
WmLtz 0 ttm,tzthibVfchlL-6%®frft& sc(Fv)2<a«i&#M4ft£l0/xg/mL 
iZ.ft%£?\nQ% FBS^TtfRPMI1640^^r3KUCo -<^$£fflV^:fc#W*Jt3, £ 
m&m<D%>Vim*n$lU 96well-plate(FALCON)<D^-weUtC50M LT o5)-QiL^ 0 
BaF3/gpl30£lO% FBS (HyClone)^tfRPMI1640^-e3lU^L^^ N 
5xl0 4 ceus/mLt&5J;5^60ng/mL£>human interleukin-6 (R&D systems), 60ng/mL 
©Bl»tHL-6^W( gttl9fS[fp)43j;tJ?10% FBS^TtfRPMI1640«lC^^ 

TiCTfrffife-CffiULtCo fcr-BT^IL-6^#:(Yamasakie>, Science 1988; 241: 82 
5-828 (GenBank # X12830))tf>l# @ j6^344# @ <^T5/^^-K-r§i*^^CH 

37T:, 5%CO 4kWTX\ 72tifffli$mU PBS^2fg[£^Uc:WST-8f*|g(Cell Co 

2 

unting Kit-8, ttl^fr>ffc¥ffl3EB»T) £20 nL/we\\~?1}Ux.^ MM ^SUNRISE CL 

ASSIC(TECAN)£JBV ^T450nm<£P2*M(#i!&j&;g620nm)£iW£Lfc o Itiffm^ 
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tMK, ff£450 nm<DM^#M;g620nm)£$ij£U 2Nffi|©!ft*«*ftSr*t 

[0201] W&m, 123 1 fcWfctfifch IL-6^WTO^ sc(Fv)2^fl|jgM^^ 

(peakl, peak2){*, ^W^(Z)«f$Slp 0 n (bulk)i:1i?P«tt/5^^"e$>ofc 0 gftftlOVB 
22B sc(Fv)2*3j;^Ji^j2(DhVB22B sc(Fv)2(C*3V^tt, 2o©flHt&ttft:©|S| 
^ISttK**>WtV^J!.fe|lfc#, *^*«l«>fcMktltth IL-6g£tttfttt sc(Fv) 

(Fv)2M^p n p^^^^d^fc*^tt#:»^^^#^P^^i^«^Mtt^^ 

[0202] [HJfe^j8] VB22B sc(Fv)2<Dsingle chain diabodySr jtGlR**C#5^rfe 

VB22B sc(Fv)2j;«9i| l l$Itfcsingle chain diabody (peak2)ibivalent scFv (peakl)£^ 
MH, 20mM sodium acetate, 150mM NaCl, pH6.0CD&#-|\ 40X^*51 vC-fl"* 
a^<- hLfc 0 HJfe^J 1 \C&UttM*>&&?vv h^77^-(D^fe-Cpeakl £peak 
2Jt«r»l3£Ufc||*, 032(^Lfc,fc5K> peaklOtr-^yTi&WU 
Jx)t, peak2©br-^yr36S**Lfe„ peakl£|i=a&#T-?6 0 RKl/*:* 

^Lfc^jSfeTfT^^MSttSrff 033 
ir^Uci^^incubatel-^^^^/^lrit^T^^^T^^h^^ii^bfc 
o Uli^Jlt^b^t^^peaklttsingle chain diabody-Cfe^peak2|Cit^T^L<® 
4fe&M£V^fa&»E>» bivalent scFv"C&5peaklf3\ 20mM sodium acetate, 150mM NaCl 
, P H6.0, AOX^X^y^-^-h-r^tK^X, S?gtt<Dsingle chain diabodyC&S 

<fc«?bivalent scFvtsingle chain diabody<D^#l^)i^^^#T{'#il v f5-i:(^«i: 
ot, bivalent scFv"CfcSpeakl$rsingle chain diabody-CfcSpeak2{r^^-t-S^i:^5 



WO 2006/106903 



60 



PCT/JP2006/306800 



^ft^fepeaklSrpeak2i^ttft§*5ril!:J:oT, ilSWTsingle chain diabodyt? 
&5peak2£#5iWMl!E-e&5o 
[0203] mi&m9] hVB22B sc(Fv)2 ©single chain diabody^&ffiJ|X4S'T?#3#Sfc 

296094fc*3V vthVB22B u2-wz4 sc(Fv)2£!?!|t$![Lfcbivalent scFv (peakl)£20mM 
sodium citrate, 0mM/150mM/300mM NaCl, pH3.0/3.5/4.0/4.5/5.0/5.5/6.0/6.5/7 
.0/7.5©H-30*frT, 25 < C{C^3V>TlO0Ffl-ry^-<-hLfc o HlfiWl^Lfcd 
^V^^n^h^7^--<^^&-Cpeakli:peak2it^aa^L^^, ^34^L 
feWlE* >T^^-hflKCJt^Tpeak2#&Jt##*L;fco wtlJ:l9hVB22B u2-w 
z4 sc(Fv)2[CjoV , »Tt)N bivalent scFv"C&5peakl}3:, single chain diabody"C$><5peak 

S^peakltpeak20^<fe*^peakl*peak2lCMtt'fb$*5w^^J;o-C, 
^single chain diabody-e&5peak2£#<5^<WS pj-fg-e&5 0 

[0204] sc(Fv)2|afife^tt'02a^«3t^W^«m#-rS^&, #«t£ 

^i-s^^^$^fc„^cy^-s^ia®i^5^<htcj:t)sc(Fv)2m^^w 

*^flJffi1-5^ttCi(9,sc(Fv)2©#S©*^Mtt^^«^tLT^1-5 
S^^fc«igMW©^Wit*^«^Lfcsc(Fv)2^E|g n R aJfia^^iL-Cli«-t-^ 
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[i] &T<Dxn^t!sc{Fv)2mmmf&®<n$mifmo 

[2] ^T^XS^tfsc(Fv)2gmm#J^|SJtm 

( c ) xn (a) \z£mMi$htcm&mmmfcm®'tz>xn 
&T<Dxn^t?sc(Fvmmmf&mmmzmo 

(a) sc(Fv)2^^^(D#|^tt^COit^^^UMfi(C/j:5i5^y^-^$^ 
fc£1"£XS 

(b) x& (a) -z&mistitzv y*-<D%tsmttsc(Fv)2mmmmirz>xn 

(c) ftm&ntzsc(Fv)2mm*<DMmmmftMir?>xn 

(a)yy*-<D&zmftmmsc(Fv)2M®mmirzxn 
n&mvi'rzxn 

(c) XS (b) ^^$tlfesc(Fv)2©y^-- < J:|^i:S$©y^-^1-Ssc(Fv)2m 

mo*ftm'z>x% 

(d) ftmntcsc{Fv)2®.m*mmmfr&ftmt%xn 

(e) ^«l$tifc#liiMtt^»5*>, #^^fflfitM^^^#-r?»X@ 

[5] #igMtt#^single chain diabodyMXftbivalent scFv^-Cfc^ff ^^(1~4<DV vf 
[7] sc(Fv)2©y y*-^15T57^-C^r ££*RNSte-f 5ft#«l~6<£l ^ft^t-IEic 
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[10] *ig#H4#:#single chain diabody^X^bivalent scFv#-e&5fj!;fcJl9KiSittf>g 

[11] «^Mtt^^^^(c^^-r6^i:^mi:t-5M^^9*fc«l0l^^g^I 

[12] mmmm*T^xhmm%t6zkmmir5m#m9~ i kdv n-t junc 

[13] sc(Fv)2C0y^-^15T^y»"Cfc5ft^«9-12<DV ^ft;Hr|Bic©eiSi«^ 

o 

[14] sc(Fv)2Um*<nMMg&fr<Dm&*mtettJLmi>;tf, sc(Fv)2m^Wffi 

[15] sc (F^2mm^m^<Dm^^(Dn^mM^^xm^ s C (f v )2« 

[16] WTOXa^Ttfsc(Fv)2»^^»tt^P$-fr?)^feo 

[17] ^T©X@^tfsc(Fv)2m^(D^tt^^P^*5*-& 

(a) sc(Fv)2^*«tt#:^®tt^lt^b-Cili©tt^#it»#:^^A^i?)^S 

-fsxa 

(b) sc(Fv)2m^*(D«^^ttfl S :^fii-5X@ 

(c) xa (a) K£mm&nmm&<Dm%i& &&m®ir?>JM 

[18] ^T<DXg^tfsc(Fv)2m^^W^^ti*P^*S*feo 

(a) sc(Fv)2Mfo*J*y&&jJ ; 7MZ.frttZ>JM 

(b) ^S^«^tt^«r^i-5X@ 

[19] fflfjg^ttft^single chain diabodySXttbivalent scFvM-efc5M^^14~ 18(DV * 
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*JiJ*ttfW*singIe chain diabodySJXIibivalent scFvi!W&tt3fcJg20K:iB*© 

m 

single chain diabodyM©^##|&£i#;!)n$-1i:5#&o 

&T©(l):fc<m2){cK*©7S/8B&M:> ^«©«»#t-57^t&«Sgfc 

(i)sc(Fv)2©a«^3Eia*fc^^r^sfflis-c*>oT, m^w^^^39{4 

«T» (1)43^(2) fcE*©T^»a*S«\ [Pl£©«ffi£*tt5TV&&gU: 
«ir*ia**tf, sc(Fv)2m^fFW#^«itMtt^^##J^*ii*$* 

(i) sc (Fv)2(Dmm ^^mm^ttfi^TK/mmmvhox, nm*i&fe®oT$; 

&T© (D *j xxf (2) ©v ^*u&*-#©ts/«m«\ «»*rf57sy&&£ 
\m^ir^xm^^sc(Fv)2m^m^<D^(Dm^M^(D^m^mM^ 

(i) sc(Fv)2om« «i*ia«fc^4ti5T5yfite«s-e&<>-c, mm^J»^©r^y 
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(2) sc{Fv)2<Dmm^%mmz$*M£T$M&&-?b<>x > mm^mrnvr*; 

o 

urn (D fcitf (2) icmm<DT$m®mz, mm^mm^-t^r^mmm^ 
(i) sc(fv)2<dm& »imm®\z-t*ti%T*;m®m-?h<ox, mm ^ m^mm 

m&-rzxm$tt, sciFvnm&wmmmfeitzifmo 

(1) sc{Fv)2<Dmm^&m\zf;*tizT$ymmmxh^ mm^mmr^ 

(2) sdFvttomm Bj^mwn/^itfcoT, &m^$tim<DT^; 

vxf<d (i) *3j;^(2) <d\ ^-rtifr-jj<DT*;mnm*, nffi*%t%T*/mmm 
im&i-zxmtrgtf, S c(Fv)2U}&®<Dmmm\\ttttmo 

(1) sc(Fv)2<7)mm^mmm^m^/mmmxh^x, mmmmors; 

(2) sc(Fw)2(Dmm^mmm{zist.ti^/mnmxh^x,mm^mm(DT^ 

sc (Fv)2(Z)i m ss^mmmm ^mm^mmm^x v ^r*;mnm. m 
^ir^rKmnmmmi-^xm^sc(Fy)2m^w<Dmm^W(o^ 
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o 

(1) sc (Fv)2(Dfi^ *!&mmz.$*hz>7$;m%m~?h^x, mm^m^m. 

(2) sciFvnomm ^&m.\^ifo%7^tmm?h<>x, mm^nrntor^ 

o 

(1) sc(Fv)2<Dmm^mm^is^n^r^mnmxh^x, mm^mmr^ 

(2) sc(fv)2<d&& pj^ mmz.$*iiz>7*/mmmxh^x, &m~*s&m®o7^; 

VXT<D (1) *5,fctf (2) <m OT=- <5T5/g&£g 

(1) sc (Fv)2(Di:^ ^mm^^i^T^/mmmxh^x, mm ^m^wr*; 

(2) sc(Fv)2<D®m^£mfflz$*ti57$;mm&xh<DX, mm^mmor^/ 

fflfitSttft^single chain diabody^Xttbivalent scFv^-Cfc6W^«35^iB«^ 

sc (Fv)2(D»(Dy^-?:o~i2T5y^, ^&wyy#-£io~30T$/&Kii®i-r 

5Xm£r£&\ sc(Fv)2MWtf>single chain diabodySC>#J££it*n$-£5;frfeo 
sc(Fv)2<Z>^(D!;^-Srl2~30T^y^ fp*^U^-^0~lOT^/^^iaifi1- 
5Xe£"£tf , sc(Fv)2«^)^<Dbivalent scFv^m&ii^iirS^feo 
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SXgfc^tf , single chain diabody^©^*#|-g-/6580%^±^fc5sc(Fv)2m^^) 
SX^fc^tf , bivalent scFvMO^^f"J^^80%^±-efc5sc(Fv)2mfife^^^ 

-ram 

sc(Fv)2^!;^-Xliy^-SM^^!J»r^X@^tf, sc(Fv)2j|fij$WcD 

flligMttMsingle chain diabodySJXtebivalent scFv^?&5ft#]g4l£fcte42 
£*T<OX&£l^ sc(Fv)2m^^^<D«^^^^1-S^& 0 

(b) ^a^o^^ w^^ft*fcfi«^^^i-^x@ 
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